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THE SIGNIFICANCE SEROLOGICAL GROUPING 
STREPTOCOCCI, WITH SPECIAL 
REFERENCE STREPTOCOCCUS 
SCARLATIN 


GEORGE EAGLES, M.D.Tor., 


Lecturer Bacteriology, University Toronto. 


Forwarded for publication March 21st, 1924. 


recent years the serological grouping streptococci has assumed 
increasing importance, partly possible basis for differentiating pathogenic 
from non-pathogenic varieties, and also, the case Streptococcus 
raising the question the significance the organism 
scarlet fever. For the purpose these investigations, which aimed deal 
particularly with the relation streptococci scarlet fever, 
streptococci from various sources were studied. addition determining 
their classification the ordinary methods growth blood-agar and 
fermentation, agglutinating sera were prepared and serological groupings 
obtained. confirmed the existence serological groups, particularly 
the well-defined group Streptococcus the significance the 
finding demanded explanation. this end further experiments were 
made, and the evidence obtained has suggested the possibility the acquire- 
ment specific antigenic properties organisms the streptococcus group. 

Fifty-one strains were collected, comprising from cases scarlet fever, 
from cases puerperal sepsis, from cases erysipelas, and miscellaneous 
strains. 

order ensure that the predominating strain from each source would 
obtained, the event there being mixture, twelve colonies were fished. 
turned out that every case the twelve colonies were alike fermentation. 
Accordingly only one was kept. colonies produced well-marked 
blood-agar. Two types were found: small, greyish colonies, pin-point 
size, and flat, and scale-like colonies, mm. diameter. The fermentation 
reactions are shown Table The names appended are those used 
Holman (1916) his classification streptococci. 
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AGGLUTINATION EXPERIMENTS. 
The technique agglu- 


TABLE .SHOWING FERMENTATION REACTIONS STRAINS. tination given some 


detail because the diffi- 
STRAINS 


culties encountered 
SCARLATINAL STRAINS 


many workers, and also 
ourselves, before satis- 
factory method was 
reached. The technique 
finally adopted gave defi- 
nite clear-cut readings and 
carded account spon- 
taneous clumping. 

Immune sera were produced rabbits inoculation with saline suspensions 
from broth cultures increasing doses given three successive days followed 
resting interval three days. For the first three doses suspensions 
heated for one hour 56°C. were used all others were live organisms. All 
animals were tested before inoculation guard against non-specific agglutination 
normal rabbit sera. 

Suspensions for agglutination were prepared growing the organisms for 
hours beef-heart broth, 7°6. They were then centrifugalized and 
resuspended the same medium. Clumps were broken down vigorous 
mechanical shaking. Only freshly-grown suspensions were used. 
experimenting with one strain graded densities against its homologous 
serum suitable standard density was obtained. comparison with this 
all others were standardized. fresh standard was kept from day day. 

All serum dilutions were made with beef-heart broth from the same lot 
used make suspensions. Serum dilutions were made ranging from 
1280. Equal parts (0°5 c.c.) suspension and serum dilution were 
used, making the final serum dilution 2560. control tube 
with equal parts bacterial suspension and broth was always set for each 
strain. Each serum was tested against its homologous strain, and against 
every other strain the series. cross-agglutination tests the homologous 
strain was included with the others for daily comparison. 

Final readings were made the end two hours the water-bath 
56°C., without allowing them stand room temperature. Longer periods 
were found valueless, since agglutination was invariably complete two 
hours, and after that time the liability spontaneous flocculation the 
control tubes was increased. Ina few instances only was necessary 
repeat the agglutination owing flocculation the control. 

all, eleven immune sera were prepared seven from scarlatinal strains, 
two from puerperal sepsis strains, one from erysipelas strain and one 
from the submaxillary abscess strain. The results the cross-agglutination 
tests are shown Table 


PUERPERAL STRAINS 
ERYSIPELAS 


DISCUSSION. 


The clear-cut grouping scarlatinal streptococci, shown Table II, 
confirms the work othérs who have made similar experiments. Specific 
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antigenic qualities, demonstrable agglutination, and also opsonic 
determination (Tunnicliff, 1920), distinguish Streptococcus from all 


TABLE RESULTS AGGLUTINATION EXPERIMENTS USING IMMUNE STREPTOCOCCUS SERA. 
ANT! STREPTOCOCCUS SERA 


STREPTO- NON-SCARLATINAL SERA 


° 


1+1280 
1-640 
11280 
11280 
1*2560 
1-2560 
12560 
1*640 
TITRE WELL 


N 


1°40 


o 
° 


° 


TRAIN 

IVA 
xm 
CLARKE 


11280 
1°320 
4*320 
1*160 
1*320 
1*640 
1-160 
1160 
1*640 
1-640 
1-320 


WILTON 
HASKELL 
LUNG 
EMBURY 
969 STM. 
STO St M. 
STi StM. 


oo 


= NO AGGLUTINATION 


other hemolytic streptococci—a finding which has led renewed interest 
the possibility that the organism may the etiological agent scarlet 
fever. favour this view has been accumulating from several 


11280] 1-640] 1°1280] 11280] 1-640] 1-320] 1-320] 1 
1+2560] 1-640] 1-640] 1-640 
1-1260} 1-640] 1-320) 1-320 
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directions. Streptococcus scarlatine can recovered from all cases scarlet 
fever well from contacts and healthy carriers (Bliss, 1922). Inoculation 
experiments have had some success the hands and Dick 
(1923, and Dochez and Sherman Further, certain skin 
reactions have found explanation the basis toxin production 
Streptococcus the throat, and neutralization this toxin 
antitoxin convalescent serum, horse-serum following immunization 
with Streptococcus (Dochez and Sherman, Mair, 1928). 
The skin test described and Dick might explained 
toxin production Streptococcus scarlatine broth cultures. Whether 
not further evidence will confirm what appears increasingly probable, 
seems certain that any streptococcus the cause scarlet fever 
Streptococcus and that this organism peculiar its antigenic 
specificity. 

was decided our own cases trace the fate Streptococcus 
the throats those recovering from acute scarlet fever 
determine little more closely the manner its disappearance. Eleven cases 
were therefore investigated the following way: Throats swabs, intervals 
three four days, were cultured blood-agar. each culturing ten 
colonies were picked, and each agglutinated with rabbit serum made 
immunizing with strain The results are given Table 

Several points interest arise from the figures shown this table. 
Looking the results whole there general tendency for the strepto- 
cocci present smaller numbers after the second week. The plates 
marked indicate scarcity hemolytic streptococci the cultures 
that was not possible pick ten colonies. More important, however, the 
change agglutinability the streptococci from day day. the disease 
progresses, they become gradually and progressively less susceptible 
agglutination with serum specific for Streptococcus until they 
agglutinate very low dilutions not all. 

Two explanations may given. The first one suggest itself that 
the early days the disease Streptococcus predominates, but that 
comparatively small number other streptococci are also present. few 
the latter, with low titre, appear the Table. The gradual disappearance 
Streptococcus scarlatine could accounted for partly decrease 
the total number streptococci the throat, but particular replace- 
ment with the other streptococci which the later stages the disease 
become dominant. 

second explanation, which more less speculative but for which there 
certain justification, consider that Streptococcus itself 
gradually becomes less agglutinable, owing disappearance the specific 
agglutinogenic qualities that are peculiar and which distinguish from 
other streptococci that the end ten twelve days reacts like other 
hemolytic streptococci that are common inhabitants the throat. 

this explanation maintained, necessary account for the 
gradual loss specific antigenic quality, and has occurred that 
possible answer might found one supposes that antitoxin elaborated 
the patient during scarlet fever. This supposition has already been 
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advanced Mair (1923), and Dochez 
and Sherman (1924'). this should 
the case, the action the anti- 
toxin the streptococci the throat 
might result altering them such 
way that they lose their specific 
agglutinating characters. earlier 
observation Maloney and Hanna 
(1922), working with 
provides analogy and lends weight 
the above suggestion. They found 
that when was treated 
vitro with diphtheria antitoxin 
became inagglutinable rabbit serum 
made immunizing rabbits with 
diphtheria. The antitoxin itself con- 
tained demonstrable agglutinin, 
and the inhibiting effect the anti- 
toxin was strictly specific. Other 
antitoxins and other sera had 
inhibiting effect. this basis the 
presence Streptococcus 
carriers might explained 
supposing the carrier have suffi- 
cient antitoxin for protection, but not 
sufficient alter the streptococci 
the throat. 

The relation that such loss 
specific agglutinability might have 
virulence pathogenicity not all 
clear, but from the fact that highly 
virulent strains from different sources 
fall quite distinctly into different 
agglutination groups—for example 
streptococci from puerperal sepsis— 
seems most probable that agglu- 
tinogenic characters are not necessarily 
indication virulence patho- 
genicity. 

consideration other strains 
streptococci which have been grouped 
common agglutinating properties 
suggests that specific agglutinability 
streptococci may less stable than 
other groups micro-organisms, 
and that probably such specific quali- 
ties may even acquired vivo. 
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Our own results (Table II) indicate that streptococci from puerperal sepsis have 
common antigenic qualities. Douglas, Fleming and Colebrook (1920) have 
shown that streptococci from war wounds fell into one agglutination 
group. Tunnicliff using opsonic and agglutinating methods, demon- 
strated group relationship streptococci from erysipelas. Dochez, Avery 
and Lancefield (1919), and Havens (1919), found several groups from the 
respiratory tract. view all these findings, seems probable that the 
environment the female genital tract, war wounds, the skin erysipelas, 
the respiratory tract with without the accompaniment some virus such 
measles, the case may be, may well provide the factor which determines 
the specific agglutinating qualities the streptococci found these situations. 

seems probable, therefore, that the streptococci are group organisms 
susceptible vivo alterations antigenic quality judged agglutination, 
and that agglutinogenic characters are not necessarily determined the 
virulence pathogenicity the streptococci concerned. 


SUMMARY. 


Agglutination tests carried out with strains hemolytic streptococci from 
the throats scarlet fever patients, from puerperal sepsis, from erysipelas and 
from miscellaneous sources have shown that the streptococci from scarlet 
fever form clear-cut group distinct from other hemolytic streptococci. 

The streptococci from cases puerperal sepsis were also found 
constitute similar distinct group. 

The apparent disappearance Streptococcus scarlatine from the throats 
patients recovering from scarlet fever may explained two ways: (1) 
dying out the organisms, replacement with other streptococci; (2) 
gradual and progressive loss the specific antigenic qualities which permit 
the differentiation from other streptococci. suggested that this loss 
specific antigenic quality vivo may explained if, during convalescence 
from scarlatina, antitoxin produced which acts upon the streptococci 
the throat. The consideration this possibility involves discussion the 
significance serological grouping hemolytic streptococci means 
agglutination. There ground for the belief that streptococci are 
group organisms whose specific agglutinating qualities may altered 
factors operating upon them vivo. 

The author wishes thank Dr. Maitland for much kindly help and 
criticism during the course this work. 
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STUDIES THE IMMUNIZING PROPERTIES 
BACTERIAL ANTIGENS PREPARED AFTER 
VARIOUS 


From the Medical Research Department, Parke, Davis Co., Detroit, Mich. 


Received for publication April 12th, 


the previous studies (Ferry and Fisher, 1924), was shown that when’ 
twenty-four hour broth culture typhosus was passed through the 
Sharples centrifuge, the supernatant fluid, have 
preferred call it, produced antisera extremely high titres measured 
agglutination and complement-fixation tests. was thought that the anti- 
genic properties these centrifugates might have originated large part 
from the ectoplasm the bacterial cell and they were, therefore, termed 
ectoantigens.” 

was also found that these antigens could readily obtained washing 
the organisms obtained from growths solid media for fifteen minutes 
solution, and clarifying the washings passage through the Sharples 
centrifuge. washings contained antigens which stimulated the produc- 
tion antisera, giving high and even higher titres than those produced 
bacterial suspensions broth centrifugates. 

Similar results were also described with pneumococcus, streptococcus, 
gonococcus and pertussis. 

The present paper gives further details the characters these ecto- 


Experiment 15.— Tests Various Antigens Prepared from 
Bacterial Washings and Broth Centrifugates. 


these antigens were intended tested man for their prophylactic 
well therapeutic value, was deemed advisable determine far 
possible their toxicity some the smaller animals. 

Tests were carried out guinea-pigs about 300 gm. weight injecting 
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various amounts the antigen intravenously. The test was controlled 
injecting guinea-pigs with the same quantities physiological salt solution 
containing amount preservative (0°3 per cent. cresol) equal that found 
the antigen. 

Guinea-pigs were kept under observation twenty-four hours. 


TABLE XV. 


Antigens. M.L.D. 


No. Method preparation. Per gm. weight guinea-pig. 

Control (salt sol. containing cresol, the 


Discussion.—The experimental agar washings and broth centrifugates 
were found more toxic than the control solution. may con- 
cluded, therefore, that the toxic properties exhibited these antigens were 
due entirely the cresol and not some intrinsic properties the antigens 
themselves. 

This would argue against the idea, which has been suggested, that the 
immunizing properties these washings and centrifugates are due endo- 
toxins autolysates, these latter substances have previously been shown 
many observers more less toxic. 


Experiment 16.—Comparison the Antigenic Values 
Bacterial Washings and So-called Artificial Aggressins. 


These experiments were carried out test the antigenic properties 
autolysates, compared with washings the same organisms grown agar, 
has been suggested that autolysates might responsible for the antibody 
response credited the washings. 

The organisms were shaken for twenty-four hours and prepared according 
the method Wassermann and Citron (1905), for the production the 
so-called artificial conceivable that some the antibody 
response stimulated these aggressins may due the same antigens 
are found the agar washings produced after minutes shaking. 

Sediments and autolysates the sediments these various filtrates and 
centrifugates were also tested for antibody response. Antigens were all 
prepared from the same lot typhosus culture that there would 
variation this respect. 

Autolysates were prepared suspending the organisms sterile distilled 
water and allowing stand the incubator for ninety-six hours, after which 
the suspension was passed through the Sharples centrifuge for clarification 
and the centrifugate tested for antigenic properties. 


; 
4 
an 
“hi 
| 
2 


IMMUNIZING PROPERTIES BACTERIAL VACCINES. 


TABLE XVI. 


Antigens, Titre antisera. 


Method preparation, Agglutination. 
Agar washings after shaking suspension 
agar growth not 


Discussion.—The antigens their order efficiency, determined 
their antibody response, are follow: 

(1) Agar washings. (2) Broth centrifugate. Autolysate from broth 
centrifugate. (4) Autolysate from agar growth not previously extracted 
shaking. (5) Agar washings after shaking twenty-four hours (aggressins). 
(6) Autolysate from agur washings. (7) Autolysate from aggressin residue. 

This would, show that shaking the organisms for twenty-four hours, 
the production artificial aggressins, weakens the antigenic properties the 
washings well the autolysates from the shaken organisms. 

Autolysing the organisms did not produce antigens very great value. 

doubt the artificial aggressins Wassermann and Citron and the 
extract Brieger (1902), which was prepared manner very similar the 
except that was passed through Pukal filter, owe some their 
antigenic properties the same substance (ecto-antigen), found the 
washings, but the long shaking the aggressins and the effect filtration 
the Brieger extracts tends lower the antigenic value the substances. 


Experiment the Effect Filtration Through Asbestos Filters 
and Berkefeld Candles Antigenic Properties Bacterial Washings 
and Broth Centrifugates. 


The first part the experiment was test the comparative antigenic 
value agar washings typhoid bacillus clarified through asbestos, and agar 
washings passed through the Sharples centrifuge. further test the 
centrifugalized antigen (sediment) was again washed and passed second time 
through the Sharples centrifuge. These antigens were extremely concen- 
trated they were washed with about one fifth the usual amount salt 
solution. 

The second part the experiment was carried out for the purpose 
testing the action asbestos filters and Berkefeld candles agar washings 
and broth centrifugates which had already been run through the Sharples 
centrifuge. This test was primarily determine this type antigen 
could sterilized without sacrificing some its 
properties. 
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XVII. 


Titre of immune sera. 


Antigens. 


Method preparation. 
Part 


Agar washings amt. salt sol.), passed 
through asbestos filter 100 
Agar washings (1/5 amt. salt sol. passed 


101 Sediment from antigen No. 100 again shaken 


with salt sol. and 


Part 


Agar washings from (vide 190) 11,000 500 
Antigen No. passed through filter 
Berkefeld candle 1500 


Discussion.—As the concentrated washings the first part the experi- 
ment, which were cleared the organism passage through the Sharples 
centrifuge,.gave much higher antibody response than those passed through 
asbestos, evident that asbestos filtration for clarifying purposes inferior 
the centrifuge. While this has been brought out previously number 
observers and has been common knowledge for number years, was 
included this report well corroborates the results other experi- 
mentors. The phenomenon said due the adsorptive properties 
the asbestos. 

interesting note that the second washings from the centrifugalized 
suspension appear still have little advantage over the asbestos filtrates. 

the second part the experiment demonstrated that these 
antigens should not sterilized filtering through asbestos and Berkefeld 
candles, they are liable large part their antigenic properties 
this manner. Sterilization must depend upon centrifugalization followed 
the addition some preservative. All antigens tested these studies were 
sterilized and preserved with 0°3 per cent. cresol, known that this 
amount preservative has very little effect upon antigenic properties. 


: 


Experiment 18.—Test the Antigenic Value Antigens Apparently Protein 
Free. 


These antigens were taken from various bacterial washings and broth 
centrifugates which had previously given relatively high antibody response 
measured the tests employed this work. 

Three methods were used for freeing the solutions from protein. the 
first method the protein was precipitated with saturated solution uranium 
acetate and the filtrate freed uranium precipitation with 
phate. the second method phosphotungstic acid was used precipitate 
and the last method the proteins were precipitated with acetone and the 
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latter evaporated means the vacuum and little heat. all cases 
precipitation was carried until the solutions gave negative biuret 
reaction. 


TABLE XVIII. 


Antigens, Titre immune sera, 


Organism. Method preparation. Method precipitation, 
acid 
Broth centrifugate Acetone 


Broth centrifugate 


coli Washings 


Phosphotungstic 


” ” 


gate 


” 


Agar washings 


Acetone 
Uranium acetate 


acid 
Acetone 


Phosphotungstic 
acid 


gate 
Acetone 
gate 
Agar 


Discussion.—While these experiments are way conclusive, they show 
that antigens apparently free nearly free from protein are still capable 
inducing some antibody response, indicated the agglutination and 
complement-fixation tests. 

Whether these antigens are entirely protein free question. The very 
fact that these same antigens originally gave very high antibody response 
and that the more protein was taken away the weaker became their response, 
until nearly disappeared, would strengthen the argument that the antigen 
protein nature and that all the protein had been eliminated there would 
have been immune body production. 


Experiment 19.—Total Nitrogen Determinations Various Pnewmococcus 
Antigens. 


order make fair comparison possible the antigens were 
diluted with salt solution correspond the total number organisms per 
cubic centimeter, according the data the labels the products. All 
except the experimental antigens, were obtained the open 
market. 
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XIX. 
Antigens, 
Total nitrogen. 
No. Method preparation. 

Pneumococcus agar washings 


Discussion.—The vaccine per cent. total 
nitrogen while the agar washings contained the lowest, with the nitrogen 
content the other antigens varying amount, from the serobacterin down 
the detoxicated vaccine. 


Experiment 20.—Test the Influence the Incubation Time well the 
Influence Peptone and Salt Antigenic Properties Broth Cultures 
coli. 

Antigens broth cultures, prepared with and without peptone and salt 
and incubated five hours, twenty-four hours, five days and ten days, were 
tested for antigenic properties. 

order save time and animals, was decided, for this experiment, 
test each case only the two antigens corresponding antigens Nos. and 
Experiment (vide 189), and antigens Nos. and Experiment 
(vide 189), these antigens appeared stimulate unusually high antibody 


response. 
TABLE XX. 


Antigens. Titre of immune sera. 


Method of preparation. Agglutination. Complement-fixation. 


Plain broth. 
Incubated hours (first centrifugate) 1:150 1:10 
days 1:300 1:50 
Plain broth without peptone. 
Incubated hours (first centrifugate) 1:60 1:40 
(ph centr ifugate) 1:75 1:10 
1:80 1:10 
days 1:60 1:10 
1:80 1:10 
Plain broth, without and 

Incubated hours (first centrifugate) 1:40 
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Discussion.—Twenty-four hours seemed the optimum incubation 
period for the production the most potent antigen. This contrary 
expectation, usually considered necessary when looking for antigen 
the bouillon filtrate organism this type incubate the culture from 
several days several weeks. Again, with previous experiments, the 
broth centrifugate from the original culture stimulated the highest antibody 
response. 

very evident that peptone necessary for good antigen, but that 
salt has very little influence antibody production. 

the complement-fixation test the twenty-four-hour phenolized centri- 
fugate stimulated antibody titre nearly high the filtrate from the 
twenty-four-hour culture taken before the phenol was added. the phenol 
has coagulating effect upon the protein the bacterial cell, this would 
point towards the supposition that the antigen not entirely protein 
nature. 


Experiment 21.—Test the Relative Influence Different Peptones 
Antigenic Properties Bacterial Washings. 


has already been noted various authors that the strength 
extracellular antigens, such diphtheria and tetanus toxins depends upon the 
kind brand peptone used the preparation the media from which the 


toxins are obtained, was decided determine peptones would modify 


the antigenic properties agar washings and broth centrifugates the 
so-called endotoxin producing organisms. 

Two peptones were tested, designated peptone and peptone 

typhosus was used the test organism. 


TABLE 
Antigens. Titre immune sera. 


Discussion.—As the agar washings and broth centrifugates prepared from 
media containing peptone stimulated the highest antibody response, both 
the agglutination and complement tests, apparent that the antigenic values 
these types antigens depend part the kind peptone used media 
upon which the organisms are developed. 


22.—Comparison Various Antigens Utilizing them 
Antigens the Complement-fixation Test. 


The immune serum against which the various antigens were titred was 
prepared injecting rabbit the usual manner with suspension typhoid 
bacilli killed heat. 
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The tests were carried out according the method all our comple- 


ment-fixation tests, substituting the various antigens place the usual 
bacterial suspension antigen. 


the table will given the highest dilution the immune serum which 
fixed the complement. 


TABLE XXII. 


Immune sera, 


Method preparation. Highest dilution fixing complement. 
Mixture broth centrifugate and agar 


Broth centrifugate typhoid-paratyphoid 


there was very little difference between the various 
experimental antigens, those prepared from the broth centrifugate gave 
evidence possessing the highest antigenic properties. 

The antigen prepared autolysate did not, for some unexplainable 
reason, exhibit any antigenic properties. 


CONCLUSIONS. 


has been found that the pneumococcus bacterial washings are 
more toxic than the 0°3 per cent. cresol which they contain preservative. 

Agar washings stimulate higher antibody response than artificial 
aggressins prepared according the method Wassermann and Citron. 

Filtering through asbestos and Berkefeld candles greatly lowers the 
antigenic properties agar washings and broth centrifugates. 

Antigens apparently protein-free have given some evidence antigenic 
properties. 

Pneumococcus agar washings contain smaller percentage total 
nitrogen than other therapeutic pneumococcus antigens tested. 

Antigenic values agar washings and broth centrifugates depend 
part the kind peptone used the media, and upon the period incuba- 
tion the culture. 

Agar washings and broth centrifugates can used antigens the 
complement-fixation test. 
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The fact well known that there exist certain differences between the 
forms bilirubin present the blood-serum obstructive and hemolytic 
jaundice. This evident from the differing clinical aspect the two 
instances. obstructive jaundice the conjunctive early become yellow: 
hemolytic jaundice with the same degree they remain 
white. well-marked jaundice obstructive origin bile-pigment appears 
the urine, but absent hemolytic jaundice with equally high bilirubin 
content the serum. Great interest naturally centres around the nature 
the difference between these forms bilirubin. Are the two chemically 
different? there physical difference? considerable work 
has been done this subject and various hypotheses advanced. particular 
Blankenhorn (1921), and Querner (1919), Levi-Crailsheim (1923) and 
Van den Bergh (1918) have suggested that cases hemolytic jaundice the 
bilirubin the serum may linked with protein. with the general 
problem and especially with the truth the last hypothesis that the present 
paper concerned. 


CHEMICAL AND PHYSICAL DIFFERENCES BETWEEN THE TWO FORMS 
BILIRUBIN. 

(i) Chemical differences between the two forms bilirubin have been 
brought attention lately Hymans van den Bergh (1918), who applied 
Ehrlich’s diazo-reaction the study bilirubin the blood-serum. With 
his technique the bilirubin obstructive jaundice sera couples once with 
the diazo-reagent, resulting almost immediate pink colour (direct 
reaction), whereas with the sera hemolytic jaundice the reaction much 
delayed coupling will, however, quickly occur the bilirubin obtained 
alcoholic solution (indirect reaction). possible for serum contain 
some instances jaundice associated with damage the liver 
the rate diazo-coupling intermediate (biphasic reaction). 
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(ii) Van den Bergh noted that the bilirubin obstructive jaundice was 
more readily oxidized than that occurring hemolytic icterus. 

(iii) also observed that bilirubin was more readily. 
adsorbed than the other form the protein precipitated the alcohol 
performing the indirect test. 

(iv) Grunenberg (1922) found that the bilirubin hemolytic jaundice 
sera giving only indirect reaction was readily soluble chloroform, while 
that giving the direct reaction was comparatively insoluble. 

(v) Hoover and Blankenhorn (1916) found that there was difference 
the behaviour the bilirubin and obstructive origin towards 
collodion membranes. bilirubin would dialyse easily 
bilirubin would not, only after adding alcohol. This work was 
confirmed Leschke (1921) and Brulé, Garban and Weissmann (1922), 
who correlated with the promptness the diazo-reaction. 

Various names have been used distinguish between the two forms 
hemolytic,” and presuppose knowledge which 
not possess the essential physiological difference between the forms. 
Other names, such and “indirect,” and 
lysable,” are based only one the differences between the two modifications. 
the present paper the terms and will used, 
implying nothing more than that one form characteristically found the 
serum obstructive and the other that jaundice. 


THEORIES THE NATURE BILIRUBIN. 


Both Blankenhorn (1921) and van den Bergh (1918) thought that there 
was probably physical difference between the two forms bilirubin, and both 
considered likely that the hemolytic form the bilirubin linked with 
protein other constituent the serum. This view has met with much 
support. and Querner (1919) suggested linkage with lipoid rather 
than with protein. Rosenthal and Holzer (1921) and also Adler (1922) 
thought that the presence some other serum constituent such cholesterol 
may affect the pigment. Thannhauser and Andersen (1921) considered that 
cholesterol bile-acids the blood might accelerate the rate diazo- 
coupling, but vitro experiments did not confirm their views. Adler and 
Strauss (1922) invoked the colloidal condition the serum explain the 
varying rate coupling: with low globulin content this was accelerated. 


THERE PROTEIN LINKAGE INDIRECT BILIRUBIN? 


Since the most probable and the most popular hypothesis seemed 
that “hemolytic” bilirubin the pigment was linked protein, 
attempt was made test it. 

The solubility hemolytic” bilirubin chloroform certainly does not 
favour the view that linked with protein; nor does the fact, discovered 
van den Bergh, that heating bilirubin causes give only 
indirect These facts suggested ready means testing 
the protein linkage hypothesis: solution bilirubin 
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chloroform could tested for the presence protein. Such solution was 
readily obtained from some human gall-stone residues. Cholesterol had been 
extracted from these with alcohol and ether Dr. course 
preparation they had been heated over water-bath and therefore when 
brought into solution they gave only indirect diazo-reaction. this 
respect this bilirubin resembled the form, and evidence 
presented below show that identical with it. The residues were 
slightly acidified with dilute hydrochloric acid and shaken with chloroform. 
Some the clear yellow chloroform solution was then shaken with one-fifth 
normal caustic soda; the yellow colour all went over into the soda, which was 
removed and neutralized. neutral solution bilirubin was thus obtained, 
and, remarked above, this gave only indirect diazo-reaction. Control 
observations showed that adding weak acid alkali bilirubin and then 
neutralizing had influence the rate diazo-coupling. Tests for protein 
were then applied this “hemolytic” bilirubin solution. They were 
negative: the solution gave coagulum boiling, and testing with 
salicyl-sulphonic acid and other protein precipitants, was found free from 
protein. This seemed good evidence that bilirubin not 
bilirubin linked with protein. But the case open argument the 
ground that the modification bilirubin produced heating may not the 
same natural “hemolytic” bilirubin. may noted here that sera 
bile containing bilirubin will, left stand for number 
days, gradually over form giving much delayed diazo-reaction. Here 
again open dispute whether there has been change into natural 
bilirubin not. therefore seemed important determine 
whether bilirubin rendered heat standing agreed its 
various properties with true bilirubin, and also with the 
“hematoidin” from pleural exudate. there were complete agreemént, 
there would evidence suggesting that they were the same substance. The 
properties adopted for comparison were speed diazo-coupling, readiness 
oxidation, adsorbability, chloroform solubility, and power dialyse through 
collodion membrane. 


COMPARISON 


BETWEEN SAMPLES BILIRUBIN 
VARIOUS WAYS. 


(i) van den Bergh’s Test. 


already mentioned, fresh bile and fresh serum from case obstructive 
jaundice give immediate pink colour with Ehrlich’s diazo-reagent 
aqueous solution. jaundice sera, bile which has been subjected 
heat has been left stand and hemorrhagic exudates containing hema- 
give delayed direct reaction. this point studied accurately, 
necessary establish exactly what meant delayed reaction. 
With this object colour scale was prepared with Dr. Hurtley’s help; 
means this the rate diazo-coupling could studied quantitatively. 
the process coupling, bilirubin changes from its original yellow violet- 
pink colour. The colour mixtures through which passes are fairly closely 
imitated dilute solution methyl red passes through different 
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hydrogen ion concentrations. comparisons with series colour standards 
prepared this basis, curves could plotted showing the rate diazo- 
coupling individual instances was impossible follow 
the colour-changes accurately unless very dilute bilirubin solutions were used. 
direct reaction must taken one which begins appear within half 
minute. Careful study dilute bile bilirubin-containing sera showed that 
with fresh bile obstructive jaundice sera the colour-change almost 
complete three four minutes, although some slight further change may 
for quarter hour. That the colour-change takes long this 
completed would not suspected were only undiluted serum studied 
yet dilution itself does not appreciably delay the coupling. When such bile 
was kept for some time before testing, the rate the colour-change 
became slower, corresponding what called biphasic reaction the 
clinical study van den Bergh’s test. Many sera showed but little alteration 
the rate coupling after two three days; but most samples after few 
days took half hour more reach their maximum colour addition 
the diazo-reagent, and this would far less intense than previous 
eventually the reaction would delayed much that hemolytic 
jaundice sera. Sera from patients with jaundice tested once 
commonly did not yield maximal colour-reaction for twenty-four hours after 
adding the reagent, and this maximum would still have considerable yellow 
element. this case the rate the reaction was the same when the sera 
had been left standing for several days. 


(ii) Ease Oxidation. 


Fuming nitric acid will oxidize any form bilirubin; and oxidation 
exposure air difficult neither lent itself well experimental 
procedures. ‘Tincture iodine and Fouchet’s test, which involve oxidation, 
were used instead. Tincture iodine gave green colour once with the 
bilirubin bile and that obstructive jaundice sera; but reacted much 
more slowly and gave uncertain colour with heated bile, bile which had 
been left standing, hemolytic jaundice serum and 

Fouchet (1917) discovered that trichloracetic acid, preferably the 
presence weak oxidizing agent such iron perchloride, gave bluish-green 
colour with bilirubin. Using his reagent immediate colour reaction was 
obtained with fresh bile and obstructive jaundice serum, but only after several 
minutes with heated bile, bile left standing, hemolytic jaundice serum and 
this and the iodine test the different bilirubin speci- 
mens were tested approximately equal concentrations. 


Adsorbability Protein Precipitates. 


Van den Bergh has shown, and the fact has been often confirmed, that 
bilirubin serum easily adsorbed protein precipitates, 
bilirubin and hematoidin” are hardly adsorbed all. 
also found that dilution lessens the amount pigment which adsorbed. 
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added part bile parts serum which was almost free from bilirubin, 
and performed the indirect test with this mixture, first undiluted and then 
diluted with twice its volume water. higher reading was obtained the 
second case, the ratio being (after allowing for dilutions). This suggests 
that more bilirubin had been adsorbed the precipitate the undiluted 
specimen, and that, fact, the bilirubin bile readily adsorbable con- 
sonance with the fact that gives direct diazo-reaction. Similar experi- 
ments with bile which had been kept till gave only indirect reaction, 
and with bilirubin from heated gall-stone residues, failed yield any evidence 
adsorption protein precipitate the same specimen serum was used 
diluent throughout. 


(iv) Chloroform Solubility. 


Prior reading Grunenberg’s (1922) observation that bilirubin from 
lytic jaundice sera readily soluble chloroform, while that from obstructive 
jaundice sera not, did not doubt the ordinary statement that chloroform 
good solvent any bilirubin. shaking bile with chloroform yellow 
solution was always obtained. found that this yéllow, however, did not 
over into dilute alkali solutions gall-stone bilirubin did. was appa- 
rently bilirubin, since van den test was positive when the diazo- 
reagent was added along with alcohol such proportion give 
homogeneous mixture. Moreover, evaporating the chloroform with 
current air room temperature yellow substance was obtained which 
could dissolved weak alkali and neutralized. This solution gave only 
the indirect reaction. must, therefore, assume either that the obstruc- 
tive” pigment converted into form dissolved 
chloroform, that obstructive bilirubin insoluble chloroform, and 
previously unrecognized constituent dissolved out fresh bile 
chloroform. The next observation makes the second hypothesis the more 
probable. From bile which had stood for several days and consequence 
gave only delayed reaction, instead the direct one ordinarily, bilirubin 
could extracted easily with chloroform, and the yellow colour this went 
over weak alkali and gave van den Bergh’s test. contrast fresh bile 
the bilirubin from heated gall-stone residues, described earlier,.gave 
indirect diazo-reaction, readily dissolved chloroform and went over quantita- 
tively into dilute alkali. the other hand, bilirubin could not extracted 
with chloroform from the serum cases obstructive jaundice, which, 
course, gave direct reaction. could, extracted vigorous 
shaking from serum giving only indirect reaction and from fluid containing 
“hematoidin.” the colour not made easily into the chloro- 
form Grunenberg nor would over from chloroform into 
weak alkali. evaporating the chloroform, with bile extracts, was able 
obtain alkaline solution, neutralize and show that gave indirect 
van den Bergh’s reaction. 


(v) Dialysis. 


was unable complete the comparison the properties 
different bilirubin samples determining their behaviour towards collodion 
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membranes. But think the agreement the other properties, which are 
tabulated below, sufficient demonstrate that the samples bilirubin 
obtained different ways and giving only the indirect diazo-reaction are 
identical with each other and with hematoidin.” 


“* Heema- 


Serum Bilirubin Serum 
Fresh Bile kept for toidin 


Van den Bergh’s test Direct Indirect Indirect Indirect Indirect 
tated proteins 
Oxidation iodine Quick Slow Slow Slow Slow 
Fouchet’s test Quick Quick Slow Slow Slow 
(1921) and Hoover and 
Blankenhorn (1916)) 


Levi-Crailsheim (1923) has argued favour the protein-linkage theory 
explaining the differences between the two forms bilirubin, and states that 
“hemolytic” bilirubin after digestion with pepsin, pancreatic even liver- 
extract will give direct reaction. The writer has been unable confirm 
these findings. Neither commercial pepsin nor pancreatic extract, proved 
controls active, had any effect accelerating the rate diazo-coupling 
when the test material was kept 37° for half hour even for several 
hours. sample fresh gastric juice did appear have some effect, but 
this was traced the presence bilirubin the sample 


juice used. 


seems, then, unlikely that there protein-linkage hemolytic” 
bilirubin. Its special solubility chloroform indicates that lipoid-linkage, 
suggested and Querner (1919), may present. Dr. 
Hurtley’s suggestion the watery solution bilirubin was tested for phosphorus 
order discover whether phospho-lipoids were present. positive result 
might due nucleic acid, but negative result would some value. 
Concentrated sulphuric acid was accordingly added some the bilirubin 
solution obtained previously described from gall-stone residues, and the 
whole heated till was well charred. Concentrated nitric acid was then 
added, drop drop, till more charring could obtained, and, after 
cooling, tested for phosphate with ammonium molybdate. positive result 
was obtained. The experiment was then repeated, using (a) solution bile- 
bilirubin obtained shaking with chloroform, evaporating the chloroform, 
taking the residue weak alkali and neutralizing; (b) solution 
from hemorrhagic effusion obtained the same way. 
Neither these gave positive results. The evidence stands thus 
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against the hypothesis linking the bilirubin with lipoid, least 
with phospho-lipoid. 

The most likely explanation the differences between and 
bilirubin would therefore seem lie physical peculiarities. 
Possibly the latter fine suspension instead true solution; 


SUMMARY. 


The bilirubin present the sera cases obstructive jaundice differs 
its behaviour from that present hemolytic jaundice. 

Experiments are presented which show that the differences are not 
referable, many have thought, linkage the pigment 
jaundice with protein, nor yet any union with phospho-lipoid. 

possible that fresh human bile contains some the 

lytic form heating prolonged standing room temperature. 

New evidence adduced support the view that bilirubin 
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now well-established fact that the exposure animals large doses 
X-rays radium results desquamation and necrosis the intestinal 
mucosa (Lazarus-Barlow, 1922; Warren and Whipple, 1922). 

Recently has been shown one (Mottram, that this necrosis 
preceded interference with the production mucus the mucosa; 
the same time the intestinal bacteria come into intimate contact with the 
epithelial cells and invade the crypts the intestinal glands. This followed 
invasion the tissues the mucosa bacteria, resulting the 
necrosis and desquamation already referred to. 

Now exposure radium also gives rise profound 
(Mottram, which first manifests itself the time when the bacteria 
begin invade the intestinal mucosa and before necrosis and 
the mucosa occur. The question naturally arises whether the 
due bacterial invasion the blood-stream from the intestines, for 
known that bacteria are inoculated into the blood invariably 
follows. 

decide this, two lines investigation were followed: (1) discover 
whether exposure radium sufficient cause was associated 
with the presence intestinal bacteria the blood-stream, (2) whether 
lowering the animal’s resistance bacterial infection the result such 
radiation could account for the septicemia, present, rather than leakage 
from the intestine. 

(1) Seven rats were given sufficient radiation produce thrombopeenia, 
follows 


Red cells. Platelets. 
7,704,000 220,000 
6,040,000 400,000 
5,800,000 380,000 
4,608,000 66,000 
8,704,000 150,000 
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Five rats served 
Red cells. 
9,742,000 
9,120,000 
9,024,000 
9,296,000 


Platelets. 
1;200,000 
835,000 
1,380,000 
930,000 
1,220,000 


Blood-cultures were made from the heart 0°5 c.c. blood incubated with 
c.c. broth cultures were also made with negative result. 

the aérobic cultures all the controls were negative, but all the radiated 
animals positive, showing coliform bacilli, diphtheroid bacilli, and 
staphylococci. 

(2) Next the general resistance similar animals was tested—that is, 
animals which have received sufficient radiation produce 

series rats was inoculated subcutaneously with anthrax, and 
difference resistance between radiated and controls was observed. 

Six radiated rats and six controls were inoculated into the peritoneum 
with tuberculosis (old bovine strain): 0°5 c.c. suspension containing 
150 bacteria month afterwards the radiated animals showed 
tubercle bacilli the mesenteric glands and the formation micro-tubercles 
three cases, and similar condition was found one the control animals. 

Bacillus coli recovered from the heart-blood animal used section 
was inoculated into the saphenous vein with the following results 

Animals were radiated sufficiently produce mild 


Number coli When found 
(Radiated animals.) inoculated. dead. 


gm. 250 million. days. 
500 
250 
250 
100 250 


(Control animals.) 


130 gm. 1500 
170 1000 
180 1000 
115 250 
110 250 
110 250 


second series was used below: 


Weight animal. 
(Radiated animals.) 


Weight animal. 


99; 


” 


Number coli 
inoculated. Result. 


180 gm. 100 million. 
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Weight animal. Number coli Result 
inoculated. 
200 gm. 100 million 3rd eye changes. 


All these animals remained alive and healthy. 


third series four animals was inoculated. 

Two rats were radiated until the platelets were 123,000 and 33,000 
perc.mm. 5000 million coli were inoculated into the saphenous vein. 

hrs. later smears heart-blood showed large numbers 
coli, polymorphs, and very few platelets. 

hrs. later smears heart-blood showed some bacteria, few 
polymorphs, and platelets. 

hours both showed discharge from the eyes, which smears 
contained coli and diphtheroid bacillus. died hrs. and 
hrs. 

and lymph glands presented great red-cell 
destruction, bacteria were seen the spleen and vessels around 
lymphatic gland, but not within the lymphatic gland. 

Two control rats having platelets 1,130,000 and 1,160,000 
per c.mm.: 

Heart-blood smears hrs. after inoculation; bacteria seen, 
very few platelets polymorphs. 

hrs. after inoculation: bacteria, platelets. 

Heart-blood smears hr. after inoculation: few bacteria, few 
platelets. 

hrs. after inoculation: bacteria, platelets, few polymorphs. 

died hours, from injury during heart puncture. There was 
into pericardium and mediastinum. 

showed sanious discharge from the eyes hours. 
remained alive seven days, when was very ill and and was 
killed. Spleen, liver, bone-marrow showed massive red-cell regeneration. 
Nucleated red cells were abundant the blood. 

The following observations were also carried out with guinea-pigs (420 
460 gm.). Four were exposed X-rays produce mild thrombopeenia 
four served controls. They were inoculated with obtained from 
case 


Radiated Intraperitoneal inoculation 2000 million. 

250 


Radiated No. died hrs. later, with awreus abscesses the liver, 
spleen and kidneys. Otherwise the animals remained well. 
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They were subsequently given further exposure X-rays and reinoculated 
with paratyphosus intraperitoneally 
Result. 


all cases paratyphosus was recovered post-mortem. this experi- 
ment the radiated were somewhat more susceptible than the control. 
possible, however, that the second exposure X-rays was more than sufficient 
produce mild The majority our researches the 
production have been made with single exposures, and 
have little knowledge what repeated dose may effect. Platelet counts 
after the second exposure were not made. 

Considering these inoculation experiments whole, they indicate that 
exposure radiation sufficient produce mild does not 
appreciably lower the general resistance the animal towards bacteria, and 
they indicate that the presence bacteria the blood-stream associated 
not due invasion following lower general resistance. 

Experiments were next carried out see whether the production 
immune substances was interfered with radiation. 

Three rats were radiated until mild was produced. The 
fragility the red cells was compared with that three control animals. 

Blood was obtained from the heart into citrate solution. was thrice 
washed with normal sodium chloride. 

c.c. packed corpuscles were placed tubes saline containing 
Readings were made after one hour room temperature. 


Per cent. NaCl. 


Controls 


The table shows that the fragility the red cells not decidedly altered 
the radium exposure. 


Tests for hemolytic complement and for opsonins (Wright’s technique) 
also showed essential difference between radiated and control rats. 


= 
| 
{ 


J.C. MOTTRAM AND KINGSBURY. 


Similarly, differences were found agglutinins for coli (isolated 
from heart-blood radiated for typhosus (laboratory strain). 
Guinea-pigs were also used for hemolytic complement tests, with negative 
all these cases only sufficient. radiation was given produce 
mild Reference the papers one (Mottram, 
gives the exposures radium required effect this the case 
rats. the case guinea-pigs X-rays were used, but view the 
negative results not necessary specify the X-ray dosage, which was 
regulated the use ionisation chamber connected galvano- 
meter standardized against standard cell; cm. spark gap was 
employed. 


GENERAL DISCUSSION. 


The above experiments bring out two facts: (1) that radium 
sufficient produce mild associated with the presence 
intestinal bacteria the blood-stream, and (2) that such exposure 
insufficient interfere with the general resistance the animal bacterial 
‘invasion with the presence production anti-bodies the blood. 
therefore conclude that the presence intestinal bacteria the blood-stream 
due leakage bacteria through the intestinal mucosa, previous work 
having shown that such exposure causes inhibition the production 
intestinal mucus, that intimate contact with the 
epithelial cells, invade the crypts the intestinal glands and the empty goblet- 
cells, and find their way into the lymph-spaces and blood-vessels the 
connective tissue the mucosa. 

The which accompanies these changes, and closely 
correlated respect time onset, can explained being also due 
leakage bacteria into the this does not entirely negative 
direct destruction platelets radiation, nor interference with their 
formation. clear that the reason why general massive 
invasion the tissues with bacteria does not occur, because the humoral and 
tissue barriers against bacterial invasion are not materially interfered with 
such exposure radium; nevertheless the importance the intestinal 
mucosa barrier bacterial invasion clearly shown these experiments. 
inhibition the production mucus apart from any desquamation 
necrosis the epithelial cells appears sufficient allow leakage. 
known that mucus offers mechanical obstruction mobile bacteria, 

The continuous secretion of-mucus the intestinal mucosa into the spaces 
villi and the crypts the glands doubt also protects the 
mucosa from bacteria its apart from. its other properties. 
Though conclude that through inhibition the secretion mucus 
that the intestinal tissues become invaded with bacteria, the possibility that 
the epithelial cells may also directly injured the radiation must not 
lost sight even though histologically they appear quite normal. 

Warren and Whipple (1923) have recently carried out some experiments, 
using dogs and X-rays. following table epitomizes their results 
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Intestinal mucosa. Bacteriological examination. 

small intestine lungs, kidney, mesen- 

teric glands blood. 

Some desquamation col mesenteric 


coccus mesenteric 
gland. 

mesenteric gland, 

kidney and lung. 


From the above they conclude there overwhelming 
invasion the tissues and blood with intestinal bacteria, therefore the 
intestinal epithelium not the all-important barrier against invasion, seeing 
that after hours completely desquamated exposing the connective 
tissues swarms bacteria. Their experiments clearly show early 
leakage bacteria from the intestine, whilst the general resistance the 
blood and tissues not interfered with. fact these results. confirm our 
conclusions. The intestinal epithelium not the all-important 
one the barriers against infection, but long the blood and tissue 
resistances remain normal massive infection does not take place. 

great deal work has been carried out upon the effect radium and 
X-rays the resistance animals towards bacterial invasion and upon 
specific immune substances the blood. not consider necessary 
deal here with this, beyond saying that the results obtained have been very 
contradictory. Two factors appear operate causing this discord: 
(1) (2) time after exposure which the tests are made. There 
doubt that when massive doses radiation are given, profound changes the 
animals’ resistance can produced. For instance, one only has wait until 
the animal nearly dead before giving the test inoculation, and massive 
invasion the blood and tissues will supervene. Similarly, doses radiation 
can given which will not kill animal for several weeks; such animal 
can deal with bacterial inoculation soon after the exposure, whereas similar 
inoculation will cause general invasion later date. The same applies 
tests made for agglutinins, etc. Positive 

the experiments here detailed particular dose radiation was given, 
sufficient produce mild and conclude that such dose 
not sufficient effect change the general humoral resistances the 
This result would conform with the numerous 
obtained other 


CONCLUSIONS. 


associated with the presence intestinal bacteria the blood-stream. Such 
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exposure does not interfere with the general humoral resistances the 
animal against bacterial invasion, previous researches having shown that 
the exposure determines interference with the production mucus the 
intestinal mucosa and invasion the mucosa bacteria. therefore 
conclude that the epithelial barrier the intestine against bacterial 
invasion broken down the radiation, and that the and the 
presence bacteria the blood are secondary effects. 


One (A. K.) received grant from the Medical Research Council 
carry out the bacteriological work this research. 
The radium used was loan from the same Council. 
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REPORT has been made (Cowan, 1923) experiments mice which 
the results gave evidence that the intraperitoneal injection mice with the 
living (non-virulent) type strain hemolytic streptococcus 
gave protection against the (virulent) type heterologous strain 
well the homologous strain also that heat-killed organisms either 
the type injected intraperitoneally into mice protected, some 
cases, the animals against later lethal dose the virulent type the 
homologous strain. the number mice used the experiments was 
small, was decided repeat the experiments larger number 
animals. 
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Protection Mice Type against Type Heterologous 
Strains. 
Exp. mice were each given intra 1/6 the growth from 


serum agar slope, the type strain the end days these mice 
survived. 


(a) these treated mice and control were each intra- 

Result.—5 treated mice and the control died while treated mice survived. 

(b) the treated mice and control were 
peritoneally the virulent type the strain 2716.” 

Result.—6 treated mice and the control died, while treated mice survived. 

This experiment was repeated using the type strains and 
for the preliminary dose and the type the two heterologous 
strains for the test doses. every case the control mice died within 
hours the injection the test dose, while treated mice dying within days 
the test dose were not considered immune. 

The following table summarizes the results 


TABLE 


Number given Number given lethal dose dose Number given lethal 
intraperitoneally, strain, 


Thus treated mice, had apparently acquired immunity, 
immunity was produced these mice the type streptococcus 
against the type different strain. The number protected appreci- 
ably lower than that found for immunity produced against the homologous 
strain (Cowan, 1923): with heterologous strains the percentage here 
per cent. animals protected, while for homologous strains was per cent. 
protected. 


Protection Induced Heat Killed-Organisms. 


Exp. 1.—14 mice were each given intraperitoneally 1/6 the growth from serum 
ope the type the strain suspension had been heated 56°C. 
hour. 


days each the surviving mice and control were given 

Result.—The control and the treated mice died, while the treated 
mice survived. 


2.—This was repetition Experiment substituting for the preliminary 
injection heat-killed organisms the type for the “R” type strain B.C.” 


mice survived the first treatment, and were given 
the type strain B.C.” 


Died. Survived, Died. 
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with the three strains. 


The control and the treated mice died, while the treated mice 


survived. 


The experiments were repeated, using the and “S” types the 


strains and for preliminary injections and the homologous 
strain for the test dose. 


the following table are given the results the experiments done 


II. 
Number surviving and 

Strain 2716 


seen that mice were protected heat-killed organisms 
against the homologous strain, 7.e. much the same percentage that found 
protected the living type against heterologous strains. There 
apparently very little difference the power the heat-killed and 
types produce protective antibodies,.as. practically the same percentage 
mice was protected with each type. 

Some further experiments were also done mice the attempt obtain 
more evidence whether the immunity produced these intraperitoneal 
injections streptococci was general nature, was purely local 
character. The immunizing dose was given intraperitoneally, and the test 
dose intravenously. Owing the difficulty ascertaining the the 
intravenous route the results were not they indicated 
general immunity. 


IMMUNIZATION RABBITS. 


was thought that more light might thrown this question 
experiments with rabbits. was therefore decided attempt immunize 
rabbits against the virulent type streptococcus giving doses different 
routes, and successful, determine whether the serum such rabbits 
would confer passive immunity mice. 

preliminary experiment small number rabbits that the 
injection the living type strain streptococcus, given either 
intravenously subcutaneously, produced certain number cases 
immunity against lethal dose the type the same strain. The 
protection was definite, but the percentage animals protected was rather low, 
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that was advisable the immunizing power the 
type with that the“ type the same strain. strain used was 
“B.C.,” years the blood patient suffering from 
cellulitis. 
rabbits were the type intravenously 
20 ” ” 8 ” ” 


The organisms were not killed before injection, and each dose, all cases, 
was from 15,000 million organisms (the whole growth from one serum 
agar slope), and the beginning the experiment doses were given 5-day 
intervals. was some loss weight after the injections, and after 
doses. the interval between them had increased much days 
allow the rabbits recover. The total number doses given the rabbits 
which survived the course was eight, given over period two months. 

The subcutaneous injections both types caused the formation abscesses 
even with the late doses, but these abscesses did down the 
skin. 

Table III given the rabbits during immunization. 


Number Type organisms Route Deaths during 
given. injections. immunization. Survivals. 


Young rabbits weighing 1000 nearly possible were used, but the 
rabbits which were heavier the beginning the experiment not seem 
survive the treatments better than the ones. 

All but the deaths occurred one lot rabbits showed 
evidence coccidial infection; probable, therefore, that this 
unusually high death incidence from immunizing treatments. 


Test Sera Treated Rabbits for Protective Antibodies. 


days after the last injection small amount blood was taken 
from each the surviving treated rabbits. serum was tested 
mice for protective antibodies. 

c.c. serum with lethal dose the type strain 
was injected into mouse, two tests being done with 
each serum. 

Result.—All the mice given died within hours after the injection, 
did the controls. 

There was apparently passive immunity conferred any case. 


Test the Sera Treated Rabbits for Agglutinins. 


Agglutination tests were put with each serum the type 
the strain 
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1280, saline, were put into agglutination tubes, and c.c. 
homogeneous serum broth culture type strain was added 
each and control tube containing saline. These were put into 
water-bath 55°C. for hours and the readings taken; these were taken 
again after the tests stood overnight room temperature, but were found not 
have altered appreciably. 

Table shows the results these tests 


IV. 


Rabbits Rabbits 
titre immunized by Agglutination titre immunized by titre 


given intra- strain given strain given strain 
venously. subcutaneously. subcutaneously. 


agglutination. 
complete almost complete agglutination. 


Certainly the type organisms given rabbits produced agglutinins 
much greater number cases than the “R” type, and the type 
given intravenously more than the type given subcutaneously. 


Test Treated Rabbits for Immunity. 


the same day which the blood was taken from the rabbits, days 
after the last immunizing dose was given, each the treated rabbits and 
controls were given lethal dose streptococci, consisting the whole 
growth from serum agar slope the type the strain and 
administered intravenously. This dose had never failed kill normal rabbit. 

controls died within hours after the test dose, and within hours; 
from the heart’s blood each “S” type streptococcus was 
isolated. 

the rabbits which had been treated with type organisms 
given intravenously, died within hours like the controls, more died within 
fortnight, and survived. 


but 
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the rabbits which had received type subcutaneously, died 
hours after the test dose, more within fortnight, while 
survived. 
the rabbits treated with given subcutaneously, none died 
within hours after the test dose, died within fortnight, while survived. 
Table gives summary the results the test dose. 


Number rabbits Number dying dying 
iven lethal test later but within Number 
given 
intravenously 

strain given 
subcutaneously 

strain given 
subcutaneously 


would appear that the type about equally effective producing 
protective antibodies against the type when given intravenously 


subcutaneously, but the type given subcutaneously much more effective 
than 


POST-MORTEM EXAMINATION DYING AFTER TEST DOSE: 
JOINT LESIONS. 

were made all the which died after 
the test dose. From the heart’s blood each type hemolytic strepto- 
coccus was isolated. 

only the rabbits which died hours after the test dose 
were lesions found. these there was mucoid exudate the shoulder and 
hip-joint respectively. these animals had received the “R” type 
organisms intravenously, would seem probable that the lesions were caused 
this type, they lived for such short time after receiving the “S” 
type organisms. 

rabbits all died between hours and fortnight after receiving the 


lethal test these, showed one more joints with muco-purulent 


exudate, and some cases exudate was also found within the muscle sheath. 
only the lungs show pathological change, and this case there 
was also fibrinous pleurisy. these rabbits showed heart lesions, had 
vegetations the tricuspid valves and the right heart- wall, and had 
vegetations the mitral valves. 


Treatment with Serum Rabbits with Joint Lesions. 


rabbits had survived the lethal test dose type streptococcus, 
but these 16, developed obvious lesions their joints all (of these 14) 
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showed swellings one both shoulders and showed swellings one 
both knees; elbows were the joints next most frequently attacked, and ankles, 
wrists and hips were involved smaller numbers. 

1.—9 these animals with joint lesions were put serum treatment, were given 
antistreptococcic serum from horse which for months had been receiving injections 


killed streptococci the “S” type strain 
were given antistreptococcic serum from horse which for months had been receiving 


injections killed streptococci the type strain B.C.’ 
were given normal horse-serum. 
serum was given intravenously, followed serum every five days. 
Result.—This method serum treatment, intravenous injections 
small doses, apparently had beneficial effect the joint lesions. far 
one could judge from appearances and weight curves the treated rabbits 
showed response any the sera. 
the end weeks the treated rabbits survived, and this one 
had received normal horse-serum. 
the untreated rabbits survived. 
2.—3 the surviving rabbits were given antistreptococcic serum sub- 


cutaneously each successive days. 
the surviving rabbits were given normal horse-serum subcutaneously 


each successive days. 
each the two groups survived but the serum caused apparent improvement, and 


the shock treatment was evidently harmful least cases. 


Macroscopic Post-mortem Findings Rabbits with Chronic Joint 
Lesions. 


All rabbits which died under treatment were examined post mortem. 
Three them had vegetation the tricuspid valve and one also 
infection the right heart-wall. One had abscess the right lung, but 
otherwise there were macroscopic organic lesions. All had swelling 
some joints and almost every body-joint except the phalangeal, has been found 
even the rib vertebral and intervertebral joints have been 
attacked. animals which had lost the use their hind legs, post- 
mortem examination were found have macroscopic changes these 
limb-joints, but the lumbar region the vertebral column definite 
swelling with exudation was found one the intervertebral joints this 
had probably involved the nerves the leg muscles. one these the 
urinary bladder and rectum were much distended. 

The pathological changes found the joints were thickening the 
capsule and muco-purulent exudate into the joint; this exudate very 
frequently extended into the burse about the joints and along the tendon and 
muscle-sheaths. Masses very sticky muco-pus were sometimes found 
above the muscle the fascial plane, but these were always circumscribed, 
and occasion was there found any tendency these masses the 
distended joints become adherent the overlying skin. 

necrotic changes were found the surface the joints the 
bones. However, two rabbits had particularly fragile bones, the femurs 
broke when the animals were being pinned out for examination. 
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Cultures from Rabbits Dying with Chronic Joint Lesions. 


From only the rabbits which have died with chronic joint lesions 
has hemolytic streptococcus been isolated from the heart’s blood; all 
other cases the heart’s blood was sterile. 

From all but one case hemolytic streptococcus was isolated from the 
joints affected, but this joint, although the exudate had not disappeared, 
nothing grew from it. From the joints rabbits which had been 
immunized with the type organisms, and thus had never received any 
the type, cultures were isolated which were mixture the and 
types according cultural characteristics, and some these cultures 
were markedly less virulent for mice than the type which had been 
injected into the rabbits. This conversion the type the type 
may normal step the course animal’s overcoming streptococcal 
infection. 


Intravenous Injections type Streptococcus. 


During the course immunization rabbits with doses type 
the strain B.C.” given intravenously, one rabbit developed swollen elbows 
and ankles, and died after the fourth dose. The joint lesions were macro- 
scopically the same those found the immunized rabbits after they had 
received test dose type organisms. already stated, there were 
also two rabbits which died within hours after the test dose which had joint 
lesions, and was thought these were probably due the doses the 
type organisms given previously. was therefore decided give rabbits 
varying numbers doses the type strain intravenously, 
kill them varying intervals after the doses see were possible find 
joints with early lesions. 


Exp. rabbits were given intravenously injections living “R” type strain 
with interval week between the doses, which each consisted the growth 
from one serum agar 12,000 million organisms. 


showed any lameness palpable swelling the joints. 
rabbit was killed week after the second dose. 

There were obvious lesions. Films and cultures were made from the 
fluid the shoulder, elbow, hip- and knee-joints, and cultures were made from 
the organs and heart’s blood. All the cultures were sterile, and none the 
joints showed excess fluid cellular infiltration. 

rabbit was killed weeks after the second dose, and the findings were 
negative with the first. 

rabbit was not killed. 


Exp. 2.—3 rabbits were each given doses Exp. but doses were given. 


the rabbits showed any evidence lesions. 

rabbit killed week after the last dose showed negative findings 
Exp. 

The other rabbits were not killed. 


Exp. 3.—5 each given doses Exp. but doses were given. 
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showed swellings one both shoulders and showed swellings one 
both knees; elbows were the joints next most frequently attacked, and ankles, 
wrists and hips were involved smaller numbers. 

1.—9 these animals with joint lesions were put serum treatment, were given 
antistreptococcic serum from horse which for months had been receiving injections 


killed streptococci the “S” type strain 
were given serum from horse which for months had been receiving 


injections killed streptococci the type strain 
were given normal horse-serum. 
serum was given intravenously, followed serum every five days. 


small doses, apparently had beneficial effect the joint lesions. far 
one could judge from appearances and weight curves the treated rabbits 
showed response any the sera. 

the end weeks the treated rabbits survived, and this one 
had received normal horse-serum. 

the untreated rabbits survived. 


2.—3 the surviving rabbits were given antistreptococcic serum sub- 


cutaneously each successive days. 
the surviving rabbits were given normal horse-serum subcutaneously 


each successive days. 
each the two groups survived but the serum caused apparent improvement, and 


the shock treatment was evidently harmful least cases. 


Macroscopic Post-mortem Findings Rabbits with Chronic Joint 
Lesions. 


All rabbits which died under treatment were examined post mortem. 
Three them had vegetation the tricuspid valve and one also 
infection the right heart-wall. One had abscess the right lung, but 
otherwise there were macroscopic organic lesions. All had swelling 
some joints and almost every body-joint except the phalangeal, has been found 
even the rib vertebral and intervertebral joints have been 
attacked. animals which had lost the use their hind legs, post- 
mortem examination were found have macroscopic changes these 
limb-joints, but the lumbar region the vertebral column definite 
swelling with exudation was found one the intervertebral joints this 
had probably involved the nerves the leg muscles. one these the 
urinary bladder and rectum were much distended. 

The pathological changes found the joints were thickening the 
capsule and muco-purulent exudate into the joint; this exudate very 
frequently extended into the about the joints and along the tendon and 
muscle-sheaths. Masses very sticky muco-pus were sometimes found 
above the muscle the fascial plane, but these were always circumscribed, 
and occasion was there found any tendency these masses the 
distended joints become adherent the overlying skin. 

necrotic changes were found the surface the joints the 
bones. However, two rabbits had particularly fragile bones, the femurs 
broke when the animals were being pinned out for examination. 
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Cultures from Rabbits Dying with Chronic Joint Lesions. 


From only the rabbits which have died with chronic joint lesions 
has hemolytic streptococcus been isolated from the heart’s blood; all 
other cases the heart’s blood was sterile. 

From all but one case hemolytic streptococcus was isolated from the 
joints affected, but this joint, although the exudate had not disappeared, 
nothing grew from it. From the joints rabbits which had been 
immunized with the type organisms, and thus had never received any 
the type, cultures were isolated which were mixture the and 
types according cultural characteristics, and some these cultures 
were markedly less virulent for mice than the type which had been 
injected into the rabbits. This conversion the type type 
may normal step the course animal’s overcoming streptococcal 
infection. 


Intravenous Injections type Streptococcus. 


During the course immunization rabbits with doses type 
the strain given intravenously, one rabbit developed swollen elbows 
and ankles, and died after the fourth dose. The joint lesions were macro- 
scopically the same those found the immunized rabbits after they had 
received test dose type organisms. already stated, there were 
also two rabbits which died within hours after the test dose which had joint 
lesions, and was thought these were probably due the doses the 
type organisms given previously. was therefore decided give rabbits 
varying numbers doses the type strain intravenously, 
kill them varying intervals after the doses see were possible find 
joints with early lesions. 


1.—3 rabbits were given intravenously injections living “R” type strain 
with interval week between the doses, which each consisted the growth 
from one serum agar 12,000 million organisms. 


showed any lameness palpable swelling the joints. 
rabbit was killed week after the second dose. 

There were obvious lesions. Films and cultures were made from the 
fluid the shoulder, elbow, hip- and knee-joints, and cultures were made from 
the organs and heart’s blood. All the cultures were sterile, and none the 
joints showed excess fluid cellular infiltration. 

rabbit was killed weeks after the second dose, and the findings were 
negative with the first. 

rabbit was not killed. 


Exp. 2.—3 rabbits were each given doses Exp. but doses were given. 


the rabbits showed any evidence lesions. 
rabbit killed week after the last dose showed negative findings 
Exp. 


The other rabbits were not killed. 


Exp. 3.—5 rabbits were each given doses Exp. but doses were given. 
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Result.—None these showed evidence lesions. 
was killed weeks after the last dose and showed negative findings 
were not killed. 
Exp. 4.—The rabbits which remained from Exps. and were each given intra- 


venously dose the same type used those experiments, but double the number 
organisms. This was month after animals Exp. had had their last dose. 


days after the dose rabbit from Exp. and from Exp. 
showed lameness one arm but palpable swellings the joints. 

these was killed days while still lame. 

The shoulder-joint the affected arm showed some excess apparently 
clear fluid, but microscopic examination polymorphonuclear and mono- 
nuclear leucocytes were seen the fluid. The other joints the limbs were 
apparently normal, and cultures from all the joints, organs and heart’s blood 
were sterile. 

The second rabbit with lameness one arm was allowed live, and 
days had appreciable limp. 


Exp. 5.—The remaining rabbits, which had shown evidence lesions days, 
were each given another intravenous injection 25,000 million organisms. 


Result.—3 days later these showed lameness one arm, and lameness 
leg with swelling the knee-joint. The latter was killed. 

The right shoulder-joint showed excess turbid fluid, although there 
had been lameness the there were: petechial hemorrhages the 
subcutaneous tissue about the swollen knee-joint. Films fluid from the 
shoulder showed infiltration polymorphonuclear leucocytes, and from the 
knee many red blood-cells and polymorphonuclear leucocytes. 

There was growth organisms from either these joints with obvious 
lesions, and none from the other joints the heart’s blood, while the organs, 
the liver and spleen gave culture type hemolytic streptococci. 

possible therefore induce joint lesions rabbits with the “R” 
type this hemolytic streptococcus, but requires very large doses, and does 
not occur regularly when partially immunized rabbits are given the “S” 
type the same strain. would seem that the lesions the joints were due 
the streptococci injected, although case did the fluid from the joints 
give culture the organism; this was true when the heart’s blood and 
organs were sterile, also the case when the liver and spleen still contained 
streptococci. 

DISCUSSION. 


Evidence has been found the experiments here recorded confirm the 


findings, already reported (Cowan, 1923), that the type 
streptococci injected intraperitoneally into mice can produce 


against the virulent type different strains given the same route. 
The “R” type the strain “Ludwig” did not produce any apparent 
immunity against either the other strains used, but these other strains 
produced immunity against it. all the experiments immunity mice, 
whether with living killed organisms the immunizing dose, and with test 
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doses the homologous heterologous strains, this strain caused 
the production immunity very considerably lower percentage mice 
than the strains “B.C.” and This would seem indicate that the 
strain lower the antigenic factor which stimulates production 
protective antibodies, and that may the reason why did not produce 
immunity mice against the heterologous strains which produced immunity 
against it, although the quality the antigen may have been the same all 
cases. 

The fact that the and types individual strains strepto- 
cocci produced immunity about the same percentage when both 
were heat-killed before injection, but that when live cultures both were 
given rabbits the type produced immunity much more frequently 
than the type, would lead one believe that there difference the 
antigenic value the living and “S” types the same strain which 
not nearly evident when both types are heat-killed. 

had been hoped that the non-virulent type would have produced 
immunity greater percentage rabbits, more like the percentage mice 
found protected this type and more accord with findings such those 
Pratt-Johnson (1921), who used injections living non-virulent organism 
produce immunity against virulent organism the same group. 

The results the agglutination tests (Table IV) show great variation 
the amount agglutinating antibody produced different rabbits 
response the same treatment. When such differences these are found 
when single strain streptococcus used, would seem that differences 
found experiments cross-agglutination would not necessarily mean 
difference the strains under observation. 

Although has been seen that the type was more effective than the 
“R” type stimulating the production both protective and agglutinating 
antibodies, there would seem direct parallelism between the two kinds 
antibodies. take only one example: Rabbit No. whose serum had 
agglutination titre 320, died within hours after the test dose, 
whereas Rabbit No. 13, with serum the same agglutinating survived 
with apparent lesions. 

The serum from rabbits which were themselves protected against the 
virulent type streptococcus, had effect protecting mice against the 
same strain. The serum horses treated for months with injections 
killed streptococci did not protect mice, and the use this antistreptococcic 
serum rabbits with joint lesions has been disappointing, 
effect could seen these lesions produced the same strain that used 
for immunizing the horses. Cultivation the “S” type organisms 
this serum vitro produced apparent change their characteristics 
towards those the type, was found Griffith (1922) with his 
protective antipneumococcal serum. Also the doses and methods injection 
have been arbitrarily chosen and others might have shown different results. 

The question the value antistreptococcal serum has been and still 
unsettled one, although much work has been done with such sera from 
time time. Recently Enlows (1923) has obtained antistreptococcic sera 
from horses and rabbits immunized with streptococci, which she finds will 
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protect mice when given intraperitoneally hours before the injection the 
test dose. The for mice her individual strains appeared vary ten 
and even hundred-fold, which makes comparisons difficult. would seem 


‘that control mice were used which had received normal serum the 


same time the test mice received the antistreptococcic serum, and even 
saline given intraperitoneally mice causes marked exudation leucocytes 
into the peritoneal cavity, would interest know what effect various 
normal sera would have given hours before such relatively small numbers 
organisms must have been injected when using such highly virulent 
cultures. 

Morgenroth and Abraham (1923) found that protection mice 
antistreptococcic serum could effected only when the injected strain 
virulent hemolytic streptococcus was found undergo change the 
non-virulent type within the animal body (Vergriinung). 
many hemolytic streptococci not seem have any tendency lose their 
hemolytic activity even when their virulence lowered, the usefulness 


such serum would very much limited. 


striking feature the lesions found these rabbits was that the 
exudations into the joints and within the muscle-sheaths, and even the 
fascial plane, never tended extend the skin, and the skin never became 
adherent over the lesions. Topley and Weir (1921) found this same charac- 
teristic lesions produced the intravenous inoculation streptococci. 

Another notable fact that many cases with very severe but fairly 
chronic joint-lesions, the heart’s blood the rabbits has been found 
sterile, while the exudation the joints was heavily infected also, the 
two cases rabbits killed while they had acute joint-lesions following 
the injection the type streptococcus, the heart’s blood and the 
exudate into the joints were sterile even the rabbit which the liver and 
spleen still gave growth streptococcus. the light these results the 
negative findings blood cultures from cases man 
might quite generally occur whatever the nature the causative agent 
the disease. 

The late history the joint-lesions the surviving rabbits not 
complete, but some them have disappeared far anything palpable 
concerned, while some joints are still much enlarged. Two rabbits which 
have lived six months after receiving the lethal test dose streptococci have 
enlarged joints which have become ankylosed. One rabbit has very marked 
torticollis. 

CONCLUSIONS. 


The “R” type streptococcus injected intraperitoneally into mice 
gives considerable protection against the later injection the virulent 
type heterologous strains. 

Heat-killed and types some cases produce immunity 
mice against the homologous type. 

The type streptococcus, whether given intravenously 
subcutaneously, will produce certain degree immunity rabbits against 
the type the same strain given intravenously, but the type 
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given subcutaneously will produce immunity much larger percentage 
rabbits. 

The production agglutinating antibodies rabbits greater when 
the type given than when the type the same strain given, 
but protection bears relation agglutinin-content. 

The sera rabbits which are themselves protected against the 
type streptococcus not confer mice passive immunity against the 
same strain. 

Rabbits with degree immunity which enables them survive 
lethal dose the type streptococcus develop lesions heart and 
joints. Some the joint lesions tend become chronic, producing ankylosis 
the joints, while others tend return normal. 

The organisms isolated from some the more chronic joint lesions have 
been more the type character than the organisms injected. 

the few cases observed there was apparent beneficial effect 
these joint lesions intravenous injection horse-serum, either normal horse- 
serum serum from horses treated for months with injections killed 
streptococci both types. 


wish thank Dr. Ledingham and Dr. Elizabeth Lepper for much 
helpful criticism throughout this work, and Dr. MacConkey for immunizing 
the horses. 
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POISONOUS PROPERTIES COLLOIDAL 


From the National Institute for Medical Research, Hampstead, London. 
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has been shown previous papers that colloidal silica injected parenterally 
poisonous the usual laboratory animals. large intravenous doses 
acts the capillary endothelium the body affected and death 
brought about rapidly intravascular clotting. rabbits small daily 
intravenous doses are well tolerated, and after several months lead fibrosis 
the liver, enlargement the spleen and fibrous changes the kidney. 
varying the dose every stage poisoning may induced acute 
fulminating condition slow fibrosis. 

the present paper shall summarize briefly the further work which 
has been done with soluble silica and describe more detail the histology the 
lesions found. The individual experiments are numerous, and economize 
space will described only when the results obtained differ from those 
already recorded. 

Before passing the experimental section the present paper reference 
must made experiment described our second communication (1922, 
Section 93). experiment rabbit was injected weekly with 
mgm. silica, and the end weeks was killed. The liver and kidneys 
were found show small degree fibrosis. This experiment has been 
repeated number times, but the results obtained are not constant. 
have come therefore regard the dose mgm., administered intravenously 
weekly intervals, being the borderline poisonous doses. This 
applies only freshly prepared highly dispersed sol; older preparations 


silica sol which aggregation has occurred much larger doses may given 


without producing lesions. 

Perhaps, too, reference may made again the question how far 
spontaneously occurring fibrosis rabbits may have vitiated our conclusions. 
During the two years over which the actual work extended, there was case 
amongst the rabbits examined post-mortem the National Institute for 
Medical Research which chronic cirrhosis the liver Since the 
conclusion the work, however, have found one animal which interest. 
This was rabbit the normal stock, which had never been under experiment 
any kind. had been bred the Institute, and was months old the 
time death. For month more before died there had been malaise 
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and increasing ascites. Latterly there had been the hind legs and 
adjacent body-wall. Post-mortem the liver was found be. coarsely nodular 
and firm; and section showed multitudes minute yellowish necrotic 
points scattered through its substance. there was found 
polylobular cirrhosis and patchy necrosis liver parenchyma—a condition 
which might probably classed subacute yellow atrophy. The condition 
resembled that found when acute silica poisoning superposed chronic. 
This the only animal far seen amongst the Institute stock which 
spontaneously occurring lesions might have given rise mistaken interpreta- 
tion, had chanced used experiment. the case the kidney 
the situation more complicated, for most our normal rabbits sections 
the organ show occasional sclerosed glomeruli, and sometimes small patches 
intertubular fibrosis. several animals have found patchy but well- 
marked chronic nephritis, with dense bands fibrous tissue which involved 
tubules and glomeruli are degenerating and disappearing. 


EXPERIMENTAL. 
Intravenous Injections. 


The recorded previous papers have been repeated with 
numerous small variations dosage, intervals between injections, etc., but 
since the results such experiments have differed important particulars 
from those already reported unnecessary give protocols. 
experiments alone need described some detail. 

The first these was commenced because, result large number 
experiments, suspected that rabbits gain tolerance towards injected 
silica. order overcome this supposed tolerance and try hasten the 
rate fibrosis set rabbits was started gradually increasing doses. 

The rabbits were all that variety which has very large lop-ears, and the 
dose assigned each was calculated proportion body-weight. 

the morning following the first all the animals showed 
distinct signs poisoning—loss weight accompanied reluctance 
move, and disinclination feed. The doses one the adults and one 
the younger rabbits were continued, and these two animals one died 
days with acute silica poisoning, while the other lived days and died with 
prolapsed anus and the histological changes subacute poisoning. Some 
weeks later, the remaining animals having regained normal health during 
the total suspension doses, injections were cautiously recommenced using 
reduced quantities first. The limit was overstepped again the end the 
26th week, shown the death one the animals (87/4) week later, 
spite the prompt stopping all doses, the another rabbit (87/7) 
The animals still remaining alive soon recovered, and injections 
were begun carried the end complete year from the 
‘commencement the experiment; without, however, yielding any 
information the conditions which affect the rate 

is, however, the two animals which died about the 26th week that 
attention more particularly drawn. The chart given Fig. shows the 
actual doses given one case. will noticed that while the original dose 
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which proved dangerously large was but mgm., the last period the 
animal was receiving much mgm. daily without immediate decline 
health. hesitate attribute this apparent increase tolerance 
material decrease the potency the silica administered, for new batches 
sol were made and brought into use the old ones were exhausted, and 
experiments made from time time fresh controls gave much the same 
lethal doses had been found the earlier period. How far increased 
tolerance may due the increased quantity endothelial tissue the 
body still open question, especially those animals which lived the 
end the experiment there was found but comparatively mild hypertrophy 
this system. 

the two animals which attention has just been drawn the post- 
mortem appearances were similar. portion the record rabbit 87/7 
follows: The animal has but little fat its body. There fibrosis the 
liver, and close inspection reveals the naked eye strands fibrous tissue 
running between the lobules both the superficial and the cut surfaces the 
organ. coccidiosis found. The kidneys are enlarged and somewhat 
their capsules strip readily. are found the body. 
The spleen only slightly smaller than that rabbit which the 
organ weighed gm. compared with the normal weight under gm. 
The spleen soft consistency but not pultaceous. the middle the 
anterior edge and extending either the adjoining surfaces whitish 
area the size penny, surrounded and irregularly penetrated deeply 
congested zone—it infarct. The lymph-nodes the body are enlarged, 
discrete, pale and semi-translucent. The heart not enlarged. the bone- 
marrow each femur and one humerus found white fibrotic patch with 
surrounding deep red zone. 

photograph the spleens the two rabbits given Fig. 
Histologically the chief interest centres round the enormous hyperplasia shown 
the endothelial system. (This illustrated Figs. and which 
reference will made again later.) 

The second intravenous experiment requiring mention here was carried out 
mainly demonstrate conclusively that silica poisonings the new 
proliferating endothelial cells which are found free the blood are not 
necessarily derived from the spleen. 

The spleen 2750 gm. rabbit was removed, and then, days later, 
daily intravenous injections 1°74 per cent. silica sol were commenced. 
The doses actually given were 2°5 c.c., and 3°5 
injections totalling 261 mgm. The animal developed steadily increas- 
ing clinical appearances silica poisoning, and finally, dieu hours after the 
last injection. Post mortem splenic tissue was found remaining, and the 
examination was interesting chiefly account the unusual extent and wide 
distribution capillary hemorrhages throughout the body. 

Microscopically there was found necrosis the parenchymal cells either 
the liver kidney, but there existed profound modification, both degenera- 
tive and proliferative, the vascular endothelial cells many organs. 
this rabbit the proliferative changes had extended the lining cells the 
sublobular veins the liver shown Fig. and similar cells lining 
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veins the kidney—a condition sometimes seen others our experimental 
animals, but which was seen best all this, the only splenectomized one 
our series. 


Feeding Experiments. 


numerous experiments the various laboratory animals have been given 
silica sol gel mouth but with certainly observed effect either health 
structure. few animals may singled out for mention indicating the 
sort dose given some the more extreme cases. For weeks one rabbit 
received daily gm. SiO, per cent. gel mixed with another 
was allowed drink but per cent. silica sol and took thus 219 gm. 
319 days. Another rabbit whose drinks were limited per cent. 
ethyl alcohol containing 0°9 per cent. silica took 155 gm. SiO, during the 
weeks over which the experiment extended. mouse drinks 
per cent. silica averaged 17°9 mgm. SiO, day whole year. Another 
mouse took for full year daily dose mgm. SiO, mixed with its food 
the form gel. One rat lid. drinks per cent. silica took 
this form gm. SiO, weeks, while another rat lib. drinks 
per cent. silica per cent. alcohol took 3°5 gm. SiO, 
weeks. 

rabbits the only lesions observed were inconstant fibrous changes 
the kidney the liver and spleen were invariably unaffected. Since, already 
pointed out, chronic nephritis occurs spontaneously our rabbits, are 
unable decide whether the slight fibrosis sometimes observed these 
experimental animals was not also spontaneous—in one instance the extent 
the lesion was very great, however. The absence lesions the liver leads 
suppose that the silica not absorbed from the gut, alternatively, 
that absorbed some way rendered innocuous. 

rats, mice, guinea-pigs and monkeys there were pathological changes 
produced feeding with silica. 


HISTOLOGY. 


The following histological notes are based upon detailed examination 
the tissues well over rabbits actually poisoned the intravenous 
administration silica sol, and upon comparison these tissues with those 
independant normal rabbits, and the control animals the various 
experiments. brief account the more striking changes found the 
animals the earlier experiments has already been published (1922), but 
further work the extended and more varied series now available has 
yielded additional information, and the present opportunity taken extend 
the previous description some respects, attention being here directed 
particularly the endothelial system. 

The stain have found most generally useful has been Weigert’s iron- 
hematoxylin followed van Gieson’s picro-fuchsin, and unless the contrary 
stated, descriptions apply sections stained that way. The van Gieson 
solution has this advantage, that insufficiently sensitive reveal the 
delicate fibrous stroma normally present the interior the liver-lobules, but 
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again drawn the fact that the focal areas necrosis the acutely 


will clearly show amounts distinctly excess this. Tissues have usually 
been fixed either formol-saline Helly’s modification Zenker’s fluid. 


Doses and Types Change. 


For descriptive purposes seems useful roughly divide silica poisonings 
into the following four main types, which are arranged order decreasing 
violence the action, viz. 

(1) Fulminating, which death due intravenous clotting the blood. 
seen characteristically when single injection causes death within 
minutes—say dose 150 mgm. 

(2) which, addition extreme endothelial changes, there 
necrosis the parenchymal cells organs—principally the liver, kidneys, 
adrenals spleen. seen characteristically when death has occurred 

(3) which there profound endothelial change, but 
necrosis parenchymal cells the one hand and formation new fibrous 
tissue the other. seen characteristically where death has resulted 

(4) Chronic, which new fibrous tissue appears, e.g. the liver and 
kidney. seen characteristically when the daily dose has been kept just 
sufficiently low supported indefinitely, e.g. daily doses mgm. 
continued for months and more. 

This arbitrary separation into more less distinct types purely matter 
convenience there are sharp divisions. All intermediate conditions 
are found forming perfect series through which any one type passes insensibly 
into the others. Considerable variation seen, too, the relative degrees 
which the different organs are affected—especially the acute, where the 
parenchyma any one the organs, liver, kidney, spleen, may extensively 
necrosed while that the other two may remain practically undamaged. 
The classification imperfect, also, that, e.g., mild subacute poisoning, 
have defined the condition, really the same time the very early stage 
chronic fibrosis. Mixed conditions occur when increased doses cause the 
superposition more acute poisoning more chronic. 

Doses have been stated above terms their SiO, content, but, 
mentioned earlier paper, the potency solution very profoundly 
affected the degree the dispersion—even, seems us, the production 
chronic changes. Dispersion varies widely accordance with the mode 
preparation, age solution, and conditions storage, and only keeping 
constant these factors that useful comparison between doses can made 
the basis the silica content alone. 


Acute and Subacute Silica Poisoning. 
The histological changes found acute silica poisoning have been briefly 


‘described our first paper (1922), where pointed out that addition 


violent endothelial changes there occurs frank necrosis the pulp-cells the 
spleen and the parenchymal cells the liver, kidney and adrenal. Attention 
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poisoned liver occur primarily the mid-zones the lobules. When large 
the foci tend invade the inner zone, and may reach the central vein and even 
come tosurround it. The outer zone the lobules, the cells lying 
band immediately surrounding the portal tracts, invaded only extreme 
cases. then, which are most readily affected the intravenous 
administration silica sol, are just those which are away from the parts the 
lobules which new fibrous tissue first appears chronic silica poisoning— 
strongly supporting the microscopic evidence that this 
connective tissue not primarily laid down damaged 
cells, 

some cases acute silica poisoning there found wide-spread necrosis 
the marrow the long bones with more less complete disappearance 
the normal blood-forming elements. the parts where damage most 
severe, practically the only living cells which remain are numbers endo- 
thelial macrocytes, while the necrotic waste may still perhaps recognized 
tissue-masses formed the ghosts endothelial cells which have become 
greatly swollen and vacuolated and then died. 

Infarction may occur the greatly enlarged spleens the 
acute poisonings. This condition probably comparable with the infarctions 
often found the enlarged spleens the leukemias man where there 
similar crowding and congestion the blood channels multitudes 
pathological cells. 

Sessile endothelial acute silica poisonings the sessile endothelial 
cells lining the liver sinusoids are greatly increased number and show 
various degrees change. The cells which are least altered have slightly 
enlarged, rounded nucleus, which still stains deeply that little 
chromatin pattern seen. The bodies these cells are enlarged, are 
plumper shape, and have deeply-staining, non-vacuolated, clearly defined 
cytoplasm. Cells showing somewhat greater change have distinctly larger 
cell-bodies, which the cytoplasm frothy and paler-staining, while their 
nuclei are enlarged and rounded, and have open chromatin pattern. Cells 
presenting still more advanced changes have bodies filled with distinct vacuoles, 
and often approach the liver-cells size. The process may far that 
the huge cell-bodies come consist little else but great vacuoles, and the 
cytoplasm reduced mere network, which eventually disintegrates, and 
leaves fine, loose reticular within the dilated sinusoids. These 
vacuoles the cytoplasm not contain fat. 

the more acute silica poisonings all the endothelial cells the liver 
show pronounced changes, and some may have fragmented and necrotic 
nuclei. the more subacute poisonings the changes are less extreme 
type, the sessile endothelial cells not showing the greater degrees enlarge- 
ment, having less tendency vacuolation the cytoplasm, and having 
relatively smaller, denser the mildest poisonings many the 
endothelial cells remain unaltered. 

the spleen the reticulum cells show, according the severity the 
poisoning, changes identical with those just described the endothelium 
the liver sinusoids. and enlargement thése reticulum cells 
accounts for the often enormous increase size the organ. The lymphatic 
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nodules the spleen remain unaltered, except very acute cases, when 
necrotic foci may appear within them. With increase numbers, size and 
rotundity the splenic reticulum cells comes obliteration many the 
interstices, and the pulp becomes more compact (Fig. 

Occasionally similar changes may seen endothelial cells the 
glomerular tufts the kidney, but here they are seldom severe character. 
The same changes may also occur the cells lining the adrenal sinusoids and 
the capillaries the lung alveoli, and may found the reticulum cells 
lymphatic glands. Changes occurring the capillaries the general body- 
tissues are much less obvious, but the constant occurrence 
strongly suggests that here also there degeneration the 
lining cells. 

rule, however, the severest endothelial damage found the lining- 
cells the liver sinusoids and spleen capillaries (reticulum cells the pulp). 

One condition which have met with needs more specific mention, 
although the changes are not essentially different quality from those already 
described. seen Fig. the endothelial cells lining the sinusoids 
the liver are greatly increased number, and are enlarged such 
extent that they fill and greatly distend the sinusoids, compressing the liver- 
cells and giving almost the appearance infiltrating tumour. These 
enlarged endothelial cells are microns diameter, and have frothy 
cytoplasm and relatively small nucleus. similar proliferation 
with the formation compact tissue-masses enlarged endothelial cells, may 
met with the glomerular tufts (Fig. and the reticulum cells the 
spleen, and more rarely the lymphatic glands, bone-marrow, lungs, and the 
inner zone the adrenal cortex. 

the very mildest subacute silica poisonings comparatively few 
endothelial cells the liver may show changes—and then only very 
moderate degree—or all may remain unaltered, except that either case, 
scattered here and there over the section, are found isolated sinusoids which 
enlarged polygonal cells showing interspaces are closely apposed form 
little compact, more less globular plug filling and somewhat distending the 
vessel. The plugs are apparently formed contains but few 
cells—perhaps transverse section. The cells may and more 
microns diameter, and each has relatively small nucleus and dense 
chromatin pattern, while the abundant cytoplasm non-vacuolated and 
deeply-staining. The outlines the individual cells constituting these little 


masses are often difficult impossible make out, and then the appearance 


multinucleated giant-cell simulated. Similar, small isolated endothelial 
plugs are seen the capillaries the glomerular tufts these mild 
cases. 

Mitotic figures are readily found the altered sessile endothelial cells— 
especially the liver sinusoids. They are more numerous the more acute 
conditions. 

Endothelial macrocytes.—So far have spoken only the lining endo- 
thelial cells which remain the vessel-walls, but endothelial macrocytes 
appear free the blood—often large the more acute poisonings. 
Typically, the young macrocytes are microns diameter seen 
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sections tissue, are rounded shape, have abundant non-vacuolated, deeply- 
staining cytoplasm, and rounded kidney-shaped nucleus with open 
chromatin pattern. These cells are shown Figs. and Part (1922) 
the present series papers. the cytoplasm becomes frothy and 
faintly-staining even definitely vacuolated—a change closely similar 
that which have seen may occur the sessile endothelial cells. These 
endothelial macrocytes are frequent the capillaries and veins all parts 
the body. The cells are particularly abundant the sinusoids the liver, 
the intertubular capillaries and veins the kidney, the venules and 
pulp interstices the spleen, and often the smaller vessels and capillaries 
the lungs; while they are generally found crowding the vessels the 
zona reticulosa and medulla the adrenal. The endothelial macrocytes are 
amoeboid and phagocytic, and confined situations the shape these cells 
conforms that the space within which they lie. vary consider- 
ably size, and type distinctly smaller than the one described above 
often met with. Macrocytes rarely contain fat. 

Endothelial macrocytes showing mitotic figures are found frequently, 
lying free the blood the general circulation. 

When the formation new endothelial macrocytes but moderately 
active, the process seems take place chiefly the capillaries the liver 
and spleen. dividing cells are numerous, but how far these parent-cells 
are macrocytes and how far they are still sessile endothelial cells difficult 
observe. When, however, the process distinctly more active may 
involve the endothelium the intra- and sub-lobular veins the liver, and 
then, seen Fig. which happens from splenectomized animal, 
multiplication the endothelial cells lining the vessel and the formation from 
them endothelial macrocytes can clearly seen progress. similar 
picture, too, may found the veins the renal cortex and hilum. all 
these situations proliferating endothelial cells are also found infiltrating the 
vessel-wall, and they often form masses actively dividing cells the 
neighbouring capillaries and tissues. 

The endothelial changes subacute silica poisoning observed 
following repeated intravenous injections mice, and there, too, endothelial 
proliferation may spread over and include the lining cells the hepatic 
venules, and the formation endothelial macrocytes seen clearly the 
thickened endothelial layers these vessels. 

rabbits, the subacute condition, there distinct increase 
cellularity the marrow the long bones with the predominance 
endothelial mononuclear cells. 

When rabbit given suitable single intravenous dose diluted India 
ink, found that within few hours all the carbon particles have been taken 
endothelial cells, and none remain free the blood. The cells most 
active this respect are those lining the capillaries the liver, spleen, lungs, 
and bone-marrow. the liver—and the same seems true the other 
organs—the carbon taken only isolated cells scattered here and there 
over the section. These cells become slightly swollen and engorged with 
pigment that difficult impossible distinguish their nuclei. Most 
the remaining endothelial cells contain carbon whatever. This phenomenon 
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usually looked upon indicating that only certain the cells are actively 
phagocytic any one time. 

If, sufficient interval has been allowed for all carbon taken 
from the blood, silica sol injections commenced and given 
found that the carbon-containing cells remain and develop greatly 
swollen cell-bodies which are often packed full huge vacuoles. Some, 
all, the non-carbon-containing sessile endothelial cells 
though more mildly affected, according the severity the poisoning. The 
young endothelial macrocytes, which appear considerable numbers in: the 
sinusoids, rarely contain any trace pigment. 

These observations suggest that the endothelial which most readily 
become enlarged and vacuolated response intravenously given silica sol 
are just those which are actively phagocytic the time. The exact relation- 
ship existing between the phagocytic phase and the mechanism .of poisoning 
silica can only surmize the absence some microscopical method 
demonstrating the state which injected silica sol exists the blood and 
cells. may recalled, though, that silicosis, where similar phagocytic 
endothelial derivatives take solid particles silica from the lungs, the cells 
are ultimately killed the silica, which appears dissolve slowly within 
and Kettle, Mavrogordato, 1922). 

The endothelial cells which for the time being are not actively phagocytic 
are the ones which give rise the new endothelial macrocytes silica 
poisoning, for otherwise these free endothelial cells would carbon 
particles derived from their parent cells. 

This agreement with the observations others cases injection 
.phagocytable substances into the blood has. stimulated 
endothelial macrocytes. 

are numerous more poisonings, but 
more rare the less acute and generally abserit the mildest subacute 
poisonings. They occur chiefly the liver sinusoids, the capillaries the 
adrenal cortex, the intertubular capillaries the kidney, the spleen pulp, 
and, less frequently, lymphatic glands and the lungs. Rarely they have 
been found the capillaries the portal tracts and even the kidney 
tubules. this later case they have presumably developed from cells 
which have escaped into the tubule during hemorrhage from the tuft. 

Giant-cells are generally found scattered and isolated. their highest 
development they may several times large liver-cell, have abundant 
crisply-staining, sharply defined cytoplasm, and large, complex, many-lobed 
nucleus with open chromatin relative amount cytoplasm 
varies enormously these cells—from thin perinuclear ring mass many 
times the size the nucleus. The giant-cells are phagocytic and 
‘They appear never have more than one nucleus and never show mitotic 
figures. the giant-cell shown Fig. Part (1922), what might 
taken for distinct nuclei are actually only the upwardly. projecting lobes. 
single nucleus, while the small separated nucleus inclusion. The liver- 
cells surrounding these giants often give the impression having been eroded 
rather than the large cell. Smaller giant-cells with simpler, 
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more condensed nuclei are seen, and are more numerous the less acute 
poisonings. fact all intermediate conditions are readily found, forming 
perfect series between the well-formed giant-cell and the endothelial macrocyte. 

Giant-cells not seem undergo vacuolation and degeneration. Fig. 
shows two giant-cells which are suggestive being derived from the neigh- 
bouring endothelium the vessel, but other parts this same liver the 
evidence much more conclusive, simpler intermediate forms giant-cells 
being found integral part the thickened endothelial layer, and the 
simplest these forms are obviously only slightly modified from the surrounding 
proliferating endothelial cells. 


Chronic Silica 


The outstanding feature this condition the slow production new 
fibrous tissue various organs, particularly the liver. 

Mild endothelial changes are also constantly present our animals and 
appear before the new connective tissue. example may taken one 
experiment which rabbits were used, and which the daily doses were 
kept unvaried. the sinusoids the liver each the first four animals 
killed—at 10, 12, and days respectively—-many, most, the lining 
endothelial cells show mild though quite definite changes, while here and 
there, scattered over the sections, are isolated sinusoids filled and distended 
little plugs cells, polygonal shape, with abundant cytoplasm, and without 
interspaces—in fact exactly the condition have described above the very 
mildest type subacute poisonings. Similarly, too, occasional enlarged endo- 
thelial cells are found the capillaries the glomerular tufts the kidneys, 
where also, though rarely, seen capillary distended tiny plug. Two 
animals the same experiment were killed later date—one weeks 
and the other weeks—and both show these same capillary changes, and 
addition increase the connective tissue the liver, early fibrosis. 

have already briefly described the fibrotic process (Part II, 1922), and 
how the liver the new collagen appears first thickening the walls 
the sinusoids response endothelial damage, but may useful that 
description summarized and extended. 

Lwer.—There may considerable fibrosis the organ, the new connec- 
tive tissue appearing chiefly the form broadening and extension the 
portal tracts, which thus become connected and divide the liver into 
numerous separate clearly defined areas. From the borders this perilobular 
tissue collagenous strands pass between the columns cells towards the 
interior the lobules, diminishing size they go. 

Similar new connective tissue may present around the central veins 
also, but usually the increase principally perilobular. 

take rabbit which the liver fibrosis somewhat diffuse and 
begin point near the centre the lobule, part where fibrous 
tissue shown the van Gieson stain, and then work outwards towards 
well-defined perilobular band, find that the first visible new fibrous tissue 
appears delicate thin strand collagen lining some the sinusoids, and 
apparently lying deep the endothelial cells, and immediately between them 
and the liver-cells (see Fig. Part II). More and more strands appear, 
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loosely laid down the sinusoids, until presently the vessel filled with 
loose network collagen fibrils, and ceases contain blood even when adjacent 
sinusoids are engorged. Neighbouring capillaries are this time becoming 
similarly affected, and presently the bodies the liver-cells forming the 
intervening columns begin diminish size, and delicate reticular expan- 
sions from the fibrous tissue the capillaries begin pass between the 
shrinking cells the columns, into the chinks left the rounding off the 
corners the shrinking liver-cells. The fibrous tissue becomes ever firmer, 
until forms broad band encompassing shrunken liver-cells and 
formed bile-ducts. The connective tissue always remains the side the 
liver-cells away from the bile canaliculi does not invade and pass along the 
bile-channels. 

Only after the new fibrous tissue becoming well established the liver- 
cells themselves begin show any change, and the change then generally 
the form diminution the amount cytoplasm. The nuclei remain 
unaltered for some time longer and then they, too, begin diminish size, 
and soon difficult impossible distinguish these cells from those lining 
the smallest the bile-ducts the bands new connective tissue, for indeed 
they are the same cells. Such perfect series intermediate between these 
two types cell are found that one concludes that the liver-cells become 
gradually degraded type the new connective-tissue advances, and last 
come function merely the lining-cells those parts the biliary system 
tubules which are involved the new fibrous bands. this way, then, 
chronic silica poisoning, are produced the so-called new-formed bile-ducts, 
which maintain communication with the interior the lobule. This conclu- 
sion somewhat strengthened the fact that mitoses are seen amongst 
the cells lining the bile-capillaries and none amongst the other cells the 
connective-tissue bands; also the fact that even the more advanced 
our cases, there indication that the anastomosing bile canaliculi the 
interior the lobule even temporarily, without clear passages for 
the free conduction bile through the enclosing fibrous bands. 

difficult find when the liver-cells begin degenerate further and 
disappear. some places, least, the denser the new-formed fibrous 
bands, there are still many bile-ducts there were bile, 
canaliculi the tissue which has been replaced, but would seem that 
ultimately some these disappear the need for many bile-conducting 
paths decreases. Often the connective-tissue bands contain few any cells 
other than those the bile-channels, some isolated liver-cells, and well-formed 
elongated connective-tissue nuclei. 

The parenchymal cells the liver-lobules are normal except for the 
degenerative process already described occurring the advance the new 
connective tissue along the sinusoids—a change which probably due the 
cutting down the blood supply the new collagen fibrils come fill the 
capillary vessels, perhaps the loss some assistance which the Kupfer 
cells render directly the liver-cells the carrying out their more 
specialized functions. 

Presumably the endothelial cells which give rise the new connective 
tissue the chronic silica poisonings, for have been unable trace the 
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presence fibroblasts, other than endothelial cells the liver sinusoids 
these animals. Why the fibrosis should begin first around the portal tracts 
and central veins unexplained, for there tendency, far can 
seen, for acute chronic damage sinusoidal endothelial cells more 
pronounced these regions the lobule than any other. 

unusual amount change resembling that chronic 
interstitial nephritis man, with sclerosis glomerular tufts, thickening 
the capsules Bowman, and increase intertubular connective tissue with 
accompanying disappearance tubules. Similar changes, though dis- 
tinctly lesser degree, occur “normal” animals more frequently than has 
been generally realized one may judge from the published accounts. 
occurs more frequently than had observed the time the publication 
our previous papers—in fact, most rabbits show some slight fibrotic 
changes, and rare meet with kidney which sclerosed glomeruli 
can found. our series stands present there still considerable 
and distinct preponderance fibrotic change those animals which have 
received intravenous doses silica over prolonged periods. worthy 
remark that our series induced fibrosis the kidney has always been 
accompanied more extensive fibrosis the liver, while the naturally 
occurring mild fibrosis the kidney often seen exists, rule, without 
appreciable increase the hepatic connective tissue the animal. 


Spleen.—Enlargement the organ constant occurrence. due 


pulp changes. Fibrosis not very prominent feature. 

Bone-marrow.—Often there occurs fibrosis the marrow the long 
bones with more less disappearance all blood-forming elements, the only 
remaining cells being elongated fibrous-tissue cells and proliferated endothelial 
cells. 

Further Comment the Fibrotic Process. 

the foregoing description have used the term rather 
loosely describing all material staining characteristically red with the 
van Gieson stain. should pointed out, however, that the case the 
liver and kidney (as also many other organs) the material forming the 
reticular framework somewhat different from that true white fibrous 
tissue. work Mall and others (see, Corner, 1920, and references 
there given) has shown that the normal framework the liver formed 
reticular fibres which are laid down the cells the capillary endothelium 
and not fibroblasts. Likewise they have shown that the framework the 
kidney cortex consists feltwork similar reticular fibres laid down the 
omnipresent intertubular capillaries, and that, indeed, very few true fibroblasts 
are present the organ except around the larger vessels. These authors are 
also inclined the red-staining material round the capsules Bowman 
being similar origin and character. 

widely accepted, too, that reticular fibrils come take part 
the formation denser strands fibrous tissue, they become modified and 
assume all the characteristics collagen. Several investigators have found 
that under certain circumstances, e.g. tubercular nodules (Foot, 1921; IV), 
and inflammatory lesions (Foot, 1921, V), cells endothelial origin may 
lay down fibrils and collagen. 
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The possible bearing these observations upon the results our own 
work obvious. poison—silica—given certain small doses shown 
affect only endothelial cells, particularly those the liver, and less clearly 
observed, those the kidney, and have these doses visible effect 
upon any other class tissue-cells. shown, too, that the same poison, 
still smaller, long-continued doses, while producing much less obvious 
effect upon the endothelium, will cause the appearance red-staining material 
immediately deep the endothelial cells and apparently association with 
them. This new material laid down thickening certain parts the 
already existing reticulum these two organs. If, would appear from the 
work the authors just quoted, the production collagen normal function 
endothelium, then the induction fibrosis silica but due excessive 
stimulation normal function the cell. 


CONCLUSIONS. 


has now been shown that the silicon ion toxic mice, rats, guinea- 
pigs and rabbits and the toxic effects have been traced structural changes 
the capillary endothelium. The tissue changes which end cirrhosis 
the liver have been studied, and has been shown that they consist slow 
thickening capillary boundaries deposit collagen. 

The usual explanation the process which leads cirrhosis the liver 
man that merely replacement destroyed liver-cells fibrous 
tissue, but the changes which precede the fibrosis are not definitely known. 

Whether not colloidal silica plays producing pathological 
conditions man are unable determine. substance very widely 
distributed nature. present small quantities most foods and 
beverages, few relatively large quantities. beer, for example, 
according the analysis Albu and Neuberg (1906), there are 288 
840 mgm. per litre, the quantity varying with the quality the beverage. 
Silica found also the tissues and fluids animals. Berzelius showed 
more than hundred years ago (1812) that present urine the extent 
mgm. per litre. 
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Fic. 
Stained and van 
Longitudinal section sublobular vein the liver Rabbit 117/-, which received intravenously c.c. 
silica sol distributed in 5 daily doses, The actively proliferating endothelial cells here form a continuous layer some 5 or 6 
cells deep, Mitotic figures are frequent. Superficial cells of the layer are becoming detached and set free as macrocytes, 


A similar process of macrocyte formation is seen to be taking place in the dilated liver sinusoid in the upper right-hand 
The two giant-cells are endothelial origin, but perhaps are not now the site their formation. 


portion the picture. 


Gye and Purdy. Colloidal Silica, Part III. 
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Stained Weigert's iron-hematoxylin and van Gieson. 
Glomerulus from the kidney Rabbit which received intravenously total gm. SiO, increasing daily 
doses spread over a period of 26 weeks as shown in chart Fig. 5, and died a week later, The glomerulus is considerably 


enlarged. Note the huge masses of enlarged endothelial cells which fill and distend some of the capillaries. Other 
capillaries in the same glomerulus are normal, 


Stained Heidenhain's hematoxylin. 


Spleen of Rabbit 87/7, the kidney of which is shown in the foregoing figure. Note the hypertrophy of the pulpcells of 
the organ, The macroscopic appearance this spleen shown Fig. 


Gye and Purdy. Colloidal Silica, Part III. 
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| | i | toxylin and van Gieson. Liver of 
Rabbit 87/4, which received much the 
i | same doses as did Rabbit 87/7 and died 

il of enlarged, frothy endothelial cells 


which fill and distend the sinusoids. 


Fic. 5.—Chart showing 
venous doses actually given to Rabbit 
87/7. Each dose is represented by a line 
the length which shows the amount 
SiO, given. 


Fic. 6.—Photograph the spleens 
consecutive normal rabbits, together 
with the greatly enlarged spleens from 
two rabbits which had received intra- 
venous doses silica for weeks. 


Fic. 6. 


Gye and Purdy. Colloidal Silica, Part III. 
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OBSERVATIONS THE AGGLUTININS TYPHOID 
FEVER. 


BURNET. 
From the Walter and Eliza Hall Institute, 


Received for publication June 12th, 1924. 


recent years has been widely recognized that two types 
agglutination may observed when bacilli the typhoid-dysentery group 
are tested with specific immune sera. Weil and Felix (1920) investigated 
this phenomenon extensively and postulated the presence the bacilli two 
receptors, H-agglutinogen responsible for agglutination into large loose 
floccules, and O-agglutinogen which caused compactly granular precipitation. 
The H-agglutinogen was thermolabile and readily lost when the organism was 
grown under any rather unfavourable conditions. 

Arkwright (1920) obtained two variants from cultures 
(Shiga) which differed serological and cultural characters, 
producing large clumps when agglutinated and R-strain agglutinating 
granular fashion. The types were stable, retaining their characters after 
repeated 

Gardner and Ainley Walker (1921), using typhosus, found that motile 
and non-motile strain could readily separated from cultures. They reacted 
agglutination like the and R-forms Arkwright. 

difference similar those observed these authors was found the 
course examination the agglutinin content sera from typhoid 
patients. emulsion typhosus grown broth containing ammonium 
oxalate gave results differing widely character from those obtained with 
standard emulsions grown agar normal broth. Instead showing 
loose flocculent precipitate the bacilli were aggregated much more slowly 
into small compact granules. The range serum dilutions over which 
agglutination occurred also differed, sometimes large extent. 

These differences were well shown serum taken early the second 
week illness, when its agglutinin content was determined means 
emulsions grown from the autogenous organism. The two emulsions were 
prepared follows: 

After two daily subcultures the bacillus normal broth nutrient 
agar tubes were inoculated, and the hours’ growth washed off with normal 
saline containing 0°1 per cent. formaldehyde. The emulsion was then diluted 
with this till its opacity corresponded approximately 500 million per c.c. 

oxalate. After incubation 37° for hours this culture was centrifuged, 
and the bacillary sediment, after draining, emulsified formolized saline. The 
emulsion was used diluted contain 500 million bacilli per c.c. 

The first these was agglutinated completely serum dilution 1/10 
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(The macroscopic method using doubled dilutions 
from 1/10 was used all agglutina- 
tion experiments.) The oxalate broth 
emulsion was agglutinated much 
higher dilutions, completely 1/320, 
and slightly 1/640. The precipi- 
tate was granular contrast the 
loose floccules seen with the first emul- 
sion and inhibition zone was present, 
complete agglutination not occurring 
dilutions below 1/80. 

was found convenient repre- 
sent such results graphically, plotting 
the intensity agglutination against 
the dilutions serum used. The type 
agglutination was shown using 
continuous dotted line the 
precipitate was loose and floccular 
compact and granular respectively. 
The serum described represented 

oxalate broth emulsion corresponds 

15.11.23, 8.12.23. mune sera made inoculating rabbits 

with the respective emulsions showed 

differences similar those observed this author. Their titres each 
emulsion were follows: 


Standard. Oxalate broth. 


Rabbit immunized with standard emulsion 
inhibition zone was noted, but the floccular and granular types 

agglutination were distinct with human sera. 

discussing results, therefore, Arkwright’s terminology has been used. 
The emulsion made from normally grown bacilli referred S-emulsion, 
that from oxalate broth growth R-emulsion. The agglutinins and 
agglutinogens responsible for the reactions are similarly spoken 
will seen that rabbits the standard emulsion possesses approximately 
equal capacity produce agglutinins each type. The R-emulsion, however, 
provokes practically only the R-agglutinin. 


PRODUCTION R-EMULSIONS FROM NORMALLY GROWN BACILLI. 

was found that normally grown bacilli treated various ways might 
develop the property being agglutinated into aggregates the type 
some intermediate nature. The serum described above proved useful 
differentiating between and R-agglutination these cases, since the titre 
R-emulsion was very much higher than with the standard form. Any 
appearance R-agglutination these higher dilutions was not, therefore, 
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masked incomplete S-agglutination. This serum was used the 
following experiment 

Experiment 1.—Bacilli autogenous strain grown nutrient agar for 
hours were washed off with formolized saline. portion this emulsion 
was diluted standard opacity without further treatment and used control. 
The remainder was centrifuged, and the bacillary sediment made into 
emulsions approximately 8000 million per c.c. with the following solutions 

Saline containing 0°1 per cent. formaldehyde. 
Half saturated ammonium oxalate solution. 
Two per cent. formaldehyde saline. 

These emulsions were kept 50°C. for hours and centrifuged. The 
carefully drained sediment was then emulsified formolized saline standard 
opacity. Dilutions the serum were tested with these emulsions and with 
the control results are shown graphically Fig. 

Simple washing with 
saline seen allow 
the S-emulsion mani- 
fest incomplete R-ag- 
glutination. Treatment 
with oxalate renders the 
agglutination morecom- 
plete, but the reaction 
does not differ any 
essential from that ob- 
tained with simple 
washing. 

strong formalde- 
hyde solution, however, 
prevents the occurrence 2.—Graphic results Experiment 
this change. both 
the series showing R-agglutination the precipitate the first two tubes 
was diminished amount and equivocal character, pointing loss 
S-agglutinogen. 

there are two distinct agglutinogens involved both must present 
the original emulsion, with which, however, R-agglutination occurs. 
considerable range granular agglutination, the other hand, appears when 
substances apparently exerting inhibitory effect are removed washing. 
The removal this inhibition associated with diminution the intensity 
S-agglutination, and possible that the presence 
responsible for the absence R-agglutination. supposition supported 
the persistence inhibition, when S-agglutinogen presumably more 
firmly fixed the bacilli the action moderately strong formalin. 


THE INHIBITION R-AGGLUTINATION. 

The conditions which determine inhibition R-agglutination were further 
examined means absorption experiments. For these serum was used 
which contained considerable amounts both agglutinins and was obtained 
from the same patient later period the disease (Curve Fig. 
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was found that both and R-emulsions could remove all demonstrable 
R-agglutinin from the serum. There therefore inhibition specific 
absorption R-agglutinin with S-emulsions. The adsorption, however, may 
due other substances than the fixed antigens which are responsible the 
case R-emulsions—a soluble constituent the S-emulsion may the 
absorbing agent. This possibility was examined comparing the absorbing 
powers for R-agglutinin R-emulsion, and the supernatant liquid 
from 

Experiment 2.—Several hours agar slope cultures the 
bacillus were washed off with normal saline, c.c. each tube. After 
standing room temperature for hours the emulsion was centrifuged 
high speed for hour and half. The supernatant fluid then appeared 
perfectly clear, and c.c. was added 0°25 c.c. serum give final 
dilution 1:5. The same serum was treated with R-emulsion approxi- 
mately 6000 million organisms per c.c. diluted serum (1:5). The serum 
diluted 1:5 normal saline served control. The three tubes were kept 
the water-bath 55°C. for hours, after which time that containing the 
supernatant fluid showed light floccular precipitate. They were then 
centrifuged, and the supernatant fluids tested with and R-emulsions. The 
results are shown the following table, the readings for the 
being taken after two hours, and those for the R-emulsion after standing 
overnight. 


Serum absorbed with— 
Supernatant fluid. R-emulsion. 


Incomplete 


The R-emulsion has little effect reducing the amount S-agglutinin, 
but the soluble antigens from S-emulsion absorb not only the S-agglutinin 
but also most the R-agglutinin from immune serum. The following 
observation suggests that this occurs large extent S-emulsions 
ordinarily used. 

Experiment 3.—S- and R-emulsions about 8000 million per c.c. were 
treated with equal amounts the serum used the last experiment. After 
heating for hour 55°C., the mixtures were centrifuged and the supernatant 
fluid discarded. The sediments were emulsified half saturated ammonium 
oxalate solution, heated 55° for hours, centrifuged, washed once, and were 
finally emulsified formolized saline. This procedure was that found most 
suitable for the conversion into R-emulsion. 

The bacilli from the original R-emulsion showed almost complete spon- 
taneous agglutination. Those from the S-emulsion showed faint granularity 
after hours, but when used with series serum dilutions gave typical 
R-curve, modified only the occurrence, slight spontaneous agglutination 
the control tube. 

The experiment shows difference the manner adsorption 
agglutinin the two emulsions. With the washed bacilli the emulsion 
union agglutinin and agglutinogen obtains which not destroyed 
treatment with oxalate and washing. the agglutinin apparently 
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adsorbed the fixed antigen the bacillary bodies. the case 
S-emulsion such treatment leaves the bacilli with only small proportion 
their fixed R-agglutinogen combined with the corresponding agglutinin. The 
R-agglutinin that has disappeared from the serum shown previous 
experiments, has been bound those molecules R-agglutinogen which are 
free solution, adsorbed the surfaces the bacilli, and not the fixed 
antigen intact organisms. 


THE NATURE THE DIFFERENCES BETWEEN THE TWO EMULSIONS. 


From these experiments and from the work other investigators, 
especially Weil and Felix (1920), the essential differences between the two 
types agglutination may summarized follows: 

The living typhoid bacillus possesses antigenic constituents concerned 
agglutinin reactions. probably representing part the 
flagellary proteins, readily removed from the bacillus various physical 
chemical means, and does not appear under certain conditions growth. 
R-agglutinogen probably the specific body protein the bacillus and 
much less susceptible physical chemical agents. 

Standard emulsions used for agglutination contain bacilli which possess 
both antigens part their specific structure. The bulk the S-agglutinogen 
(liberated from the surface structures the organisms) and some 
agglutinogen (derived from autolysis bacilli) solution, and part 
adsorbed the bacillary bodies. The agglutination this emulsion serum 
containing S-agglutinin largely precipitin phenomenon between dissolved 
constituents, and the aggregation the bacilli chiefly due their entangle- 
ment the meshes the light coagulum formed. 

The original R-emulsion described grown under conditions which result 
the non-appearance S-agglutinogen. The washing used the process 
removes any soluble products, and the final emulsion consists only bacillary 
bodies carrying fixed R-agglutinogen. The reaction between such emulsion 
and specific serum true agglutination, primary adhesion sensitized 
bacillary surfaces under the influence the ions present solution. 
slower than S-agglutination accordance with the difference mobility 
particulate matter and molecules, and more readily inhibited 
emulsoids present inthe medium. The absence agglutination when serum 
containing only R-agglutinin tested with S-emulsion due more than 
one factor. The chief these the presence soluble protein (S- 
agglutinogen) adsorbed the surface the bacilli, which seems act 
protective colloid. This behaviour R-emulsion presents close analogies with 
that suspensoids like colloidal gold, which aggregation salt action can 
inhibited emulsoid over certain range. The second factor the 
union agglutinin and R-agglutinogen (either free loosely adsorbed) 
form complexes not visibly aggregated, but capable being carried down 
any concomitant S-agglutination. 


THE CLINICAL SIGNIFICANCE THE TWO AGGLUTININS. 


For clinical purposes S-emulsions should have 
adsorbed the bacilli protect them from R-agglutination, and react 
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rapidly the presence S-agglutinin. The standard technique for obtaining 
agglutinating emulsion fulfils these requirements. Growth broth seems 
facilitate the appearance flagella and consequently S-agglutinogen, and 
the first subculture agar retains this characteristic. The bacilli are used 
unwashed, and are stored weak formolized saiine, which hinders autolysis 
and helps keep the adsorbed S-agglutinogen contact with the bacilli. 

The oxalate broth method described above has been found give the most 
satisfactory R-emulsions. Treatment normally grown bacilli various 
ways and growth solid media containing oxalate gave emulsions pre- 
dominantly the R-type, but the agglutination was often equivocal 
character very slow appearing. Emulsions prepared from different 
strains the oxalate broth method varied considerably the readiness with 
which they agglutinated, but was found that the organism which gave the 
most satisfactory S-emulsion also yielded well agglutinated R-form. 
agglutination appears more slowly than that with standard emulsions, and the 
tubes should only read after hours water-bath 55°C. Normal 
used for all dilutions and spontaneous agglutinations were 
observed. 


RESULTS CASES TYPHOID FEVER 

The sera from patients with bac- 
teriologically proved typhoid fever have 
been examined with the R-emulsion, and 
the result compared with that obtained 
the disease after the first week the type 
R-agglutination very constant, and 
well represented the second curve 
Fig. 

consecutive cases whose sera 
were obtained during the second third 
weeks illness, the ranges over which 
complete partial agglutination (easily 
visible without lens) occurred are shown 
graphically Fig. 

With two exceptions good agglutina- 
tion occurred dilutions 1/40 higher, 
their upper limit this period being 
usually about the same that the 

The two exceptions both showed un- 
usual clinical features The first was ad- 
mitted the eighth day very severe 
illness which culminated death days 
later. Autopsy showed typical lesions from 
which typhosus was isolated, but 


sera obtained during the second period agglutinins demon 
third weeks the illness. strable. 
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The second case was admitted late the third 
week, and did not appear ill. His temperature 
fell normal week, and convalescence was 
rapid. bacilli were isolated from the 
feces and the serum agglutinated S-emulsion 
dilution 1/2560. With the R-emulsion 
only trace agglutination dilutions 1/20 and 
1/40 was obtained. 

Sera from patients were examined early 
stages the disease before the full development 
agglutinins had occurred. these R-agglu- 
tinin was demonstrated much higher dilutions 
than the while the remaining two showed 
more S-agglutinin. With the progress the disease 
this disparity usually diminished. Fig. shows 
this case with early development R-agglu- 
tinin, and Fig. represents the findings one 
the other group. The early agglutinin content 

Two cases treated with vaccines given intra- 
venously were examined fortnight later. 
both had increased more than 
case. The other showed much larger difference, 
compared with previous 1/60, 
while the range 
changed only from 1/40-1/160 

has not been practicable follow 
the disappearance the antibodies 
during convalescence, but one patient 
who made very delayed recovery, 
serum taken weeks after the onset 
showed S-agglutination 1/10, 
good R-agglutination 1/40 and 
1/80. 


10 20 160 


Serum 


Du Bn Pu DHA EMusion 


sera taken early the disease. 


REACTIONS PROPHYLACTICALLY INOCULATED SUBJECTS. 


The results obtained from the study sera from persons who had been 
inoculated various times with typhoid vaccine were uniform and showed 
distinct differences from those described typhoid fever. case far 
examined has complete R-agglutination occurred any dilution, although 
one recently inoculated subject the S-titre rose 1/320. this case the use 
the R-emulsion resulted slowly appearing very incomplete agglutination 
the dilutions from 1/10 1/80. Most the sera showing S-agglutina- 
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tion 1/40 1/80 gave R-agglutination all. detailed results with 
such sera are given the following table 


tion. 


Case. Date Date inoculation. Present condition. 


examination. 


T.A.B 


not typhoid 


VII 
20. 


The two cases are special interest the view 
possible diagnostic value for the method. 

VII.—The patient was returned soldier admitted with pyrexia 
obscure origin, which was later found due urinary infection with 
Streptococcus fecalis, which may have originated from infected rectal polyp. 
had had several injections during the war period. There was 
nothing suggestive typhoid fever the course the illness. The serum 
was examined two occasions interval days. The first examina- 
tion showed good partial agglutination 1/20 with S-emulsion, and the 
second trace precipitate 1/80, and almost complete agglutination 
1/40. neither occasion was any R-agglutination found. 

patient was nurse inoculated with mixed vaccine three 
months before the onset typical attack typhoid fever during which 
typhosus was isolated from the feeces. The serum examined during the second 
week illness showed the usual type reaction, with range 
agglutination from 1/40 1/320 and S-titre 1/640. 


DISCUSSION. 


cases typhoid fever which approximate clinically the normal type 
the disease, serum shows almost equal development agglutinins the 
two antigenic constituents the bacillus. The agglutinins appear slightly 
variable intervals, but the third week both are well developed.. the 
cases which, when first examined, there was difference more 
dilutions the titres and R-agglutination, showed higher 
patient dying from rapid toxemia development agglutinins 
occurred, and one very mild case only traces R-agglutinin could 


demonstrated. 
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the other hand, the agglutinins present after prophylactic inoculation with 
typhoid vaccines are almost entirely the S-type. This equally true the 
residual agglutinins from inoculation four five years before, and for those 
resulting from injections week two previously. one case which 
infection other than typhoid caused increase the titre the S-agglutinin, 
there was corresponding increase R-agglutinin. case typhoid 
fever inoculated subject, however, the agglutinin responses were similar 
those found uninoculated typhoid patients. 

The source this difference character probably sought two 
directions. the first place strains used for inoculation are invariably 
readily agglutinable, and give high-titred agglutinating sera experimental 
animals, they are rich S-agglutinogen. the second place the 
difference the production antibodies may related differences the 
distribution antigen the body. the natural disease 
almost always precedes the appearance Widal reaction, and offers the best 
opportunity for bringing all the antigenic constituents into relation with the 
blood-cells and plasma, and with the general and specialized portions the 
vascular endothelium. likely that the production circulating antibodies 
function some these tissues, and these circumstances both 
agglutinins will appear. 

When dead bacilli are introduced subcutaneously diffusible products pass 
into the blood-stream, and most the antigen content these will the 
form S-agglutinogen. The removal the bacterial bodies with their 
chiefly accomplished intracellular digestion, and 
seems probable that the products digestion only reach the general circulation 
when they are far broken down unable act antigens. Such 
conditions would also obtain the case purely local infection with the 
typhoid bacillus, and suggested that this was the nature the illness 
the case described which showed appreciable R-agglutination spite 
high titre the S-emulsion. The shortness the illness and the absence 
symptoms seem support this suggestion. 


DIAGNOSTIC VALUE THE DOUBLE METHOD. 


The diagnosis typhoid fever inoculated subjects problem that has 
become considerable importance, since prophylaxis vaccine administration 
has become general armies, and some extent civil communities. 
Though this undoubtedly diminishes the incidence the disease, cases not 
infrequently occur such inoculated individuals. The laboratory diagnosis 
such cases depends either the isolation the organism from blood feces, 
the observation rising titre agglutinin the serum. Stool 
culture frequently negative the first two weeks, and positive blood- 
culture means constant. rising titre S-agglutinin shown one 
case described above, and other recorded cases also, often due infections 
other than typhoid fever. 

For these reasons further method differentiating typhoid from non- 
typhoid pyrexias inoculated men may real value some cases. 
R-agglutinin amount sufficient give well-marked agglutination easily 
visible the naked eye, dilution 1/40 over, has only been found 
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the sera cases with typhoid fever. Although there are too few cases this 
series allow permanent conclusions, the presence such R-agglutination 
inoculated person appears indicate active very recent infection with 
typhosus. 

The absence R-agglutination patients with pyrexia that has lasted 
more than few days strong presumptive evidence against typhoid fever. 
rule not without exceptions, since there were two cases definite 

infection which the first was the type found normal 
inoculated persons. 

The use both types emulsion has also some value suspected cases 
typhoid fever uninoculated persons. least two cases the series 
the first S-agglutination titre 1/10 and 1/20 respectively would not 
have allowed confident diagnosis typhoid fever had R-agglutinin not been 
demonstrable much higher dilutions. 


SUMMARY. 


Sera from patients with typhoid fever almost always contain two indepen- 
dent agglutinins corresponding the and R-agglutinogens the bacillus. 

account given the conditions under which R-agglutination shown 
these sera, and the factors concerned the inhibition this type 
reaction with standard bacillary emulsions. 

nearly all cases typhoid fever both agglutinins are present easily 
recognized amounts. 

persons inoculated with typhoid vaccines subcutaneously only traces 
R-agglutination can demonstrated, unless active typhoid infection 
present well. 

This difference may considerable value the diagnosis typhoid 
fever inoculated communities. 
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